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I. INTRODUCTION 
The response of corn to applied, nutrients has been the 
subject of extensive agronomic investigations. These investi­
gations are justifiable since corn is of utmost importance 
economically as well as nutritionally to mankind* The con­
tinued economical production of corn is thus dependent upon 
corn fertilization research because the increase in yields 
resulting from given increments of applied fertilizer have not 
been adequately determined for a variety of soil, climatic and 
management conditions. This implies that many environmental 
factors, in addition to the quantity of fertilizer applied, 
affects crop response to fertilization. In fact, this has been 
the realization of many agronomist as the effort to quantify 
the yield of corn as a function of applied nutrients has re­
sulted in a significant proportion of unexplained variation. 
Recognizing that factors, other than those controlled by 
the investigator, affect the response of crops to applied 
nutrients, continued emphasis is being placed on soil fertility 
investigations in order to establish a quantative relationship 
between crop yield and multiple factors of production. Con­
sistent differences in the response of corn to applied ferti­
lizer have been attributed to differences in soil, weather and 
management factors from one geographical area to another. To 
substantiate these observations and in an effort to establish 
the relationship between corn yield and applied fertilizer as 
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influenced by the uncontrolled variables of soil, climate and 
management, multi-rate nitrogen (N), phosphorus (P) and 
potassium (K) experiments were conducted on major soil types 
important in the production of corn in Iowa. 
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II. LITERATURE REVIEW 
Fertilizing corn for higher yields has been a common 
practice from colonial times to the present. With the increased 
emphasis on the use of commercial fertilizer following World 
War II, the response of corn to applied. N, P and K is well 
documented. However, the degree of response has been somewhat 
variable and this phenomenon has been attributed to differences 
in soil, climate and cultural practices, 
A. Response of Corn to Applied Fertilizer 
1, Applied N, 2 and K fertilizers 
Undoubtedly the element most often investigated in the 
mineral nutrition of corn has been nitrogen. Aside from its 
importance as an essential element in both the vegetative and 
reproductive stages of plant growth, nitrogen is the element 
absorbed in the largest quantities. Since most soils are 
limited in the amount of readily available nitrogen, optimum 
plant growth on yield is directly dependent upon the appli­
cations of fertilizer nitrogen, 
Krantz and Chandler (1954), reporting the results of 54 
experiments, concluded that N was the most limiting factor in 
corn production in North Carolina, Corn yields were increased 
about one bushel for each two pounds of N applied. Greatest 
yield increase resulted with the application of 180 pounds of 
N; however, in a majority of experiments, little response above 
the 120-pound level was observed. Long (1961) reported the 
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results of 175 separate experiments with corn in Tennessee 
covering a period, of over 50 years (1907-1960), Yields ranged, 
from 15 bushels with no N to 175 bushels under highly ferti­
lized conditionso Long concluded, that with plant densities not 
exceeding 12 to 15 thousand, plants per acre, 90 to 120 pounds 
of N per acre was adequate for optimum yields, Jordan e^ al. 
(1958) summarized, ten years of results in a N fertilizer-popu-
lations experiment in which yields were increased, an average of 
67 bushels per acre as plant population increased from k 
thousand, to 12 thousand, stalks per acre and. N application from 
0 to 120 pounds per acre. 
In Iowa, the response of corn to applied nitrogen ferti­
lizer has been reported by various investigators. Brown et al. 
(1956), reporting the results of three experiments on three 
silt loam soils, showed a significant increase in corn yields 
to applied N in 2 of the 3 experiments, Voss (1962) reported, 
that corn yields in 1959 and 1960 were significantly affected 
by applied, fertilizer. The effect of N was to increase yields 
in 27 of 36 replicates. Shah (1965) studied the effect of 
available soil moisture on the response of corn to applied N 
for 76 site-years and reported significant yield responses to 
N with maximum or near maximum yields occurring at the 160-
pound level of applied. N, 
Phosphorus, like N, is an essential element in the growth 
of plants, however, the response of plants to applied. P ferti­
lizer has been less consistent than for applied. N. Krantz and. 
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Chandler (1954) observed a corn response to P only on soils 
that had received small quantities of P in the previous year. 
On soils with an available P supply of greater than 40 pounds 
per acre corn responded to added P in only 27 percent of the 
cases. In a 3-year rotation study on three soil types at 3 
locations over a period of 10 to 13 years, Long _et (1964) 
reported significant yield responses by corn, wheat and red 
clover to applied P. These workers also reported that 17,6 
pounds of P per acre appeared to be optimum for corn, Webb and 
Pesek (1958), in evaluating P fertilizers varying in water 
solubilities, reported significant responses to applied P by 
corn in 20 of 25 experiments conducted over a 6 year period. 
The average response for all sources of P at the 6,6 and 13,2 
pound rate of application was 6,7 and 9,9 bushels per acre, 
respectively. Webb e_t (1961) observed average yield in­
creases at 5 sites on a calcareous Webster soil of 18 and 20 
bushels per acre at the 13,2 and 26,4 pound per acre rate of 
applied P, respectively, 
Hutton e± (1956), reporting the results of a 4 year 
experiment conducted on a Red Bay fine sandy loam in Florida, 
observed a positive yield response to P, However, no signifi­
cant response to applied P was observed in 13 experiments 
conducted in Oregon (Hunter e± a2., 1955), Olson e± aj., (1962) 
reported that approximately half of the experiments conducted 
in Nebraska measuring the response of corn to applied P re­
sulted in a negative response. These workers attributed this 
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to a number of factors of which soil P was thought to be the 
cause in a majority of the cases. 
Potassium, being an important nutrient in the production 
of corn, is surpassed only by N in the quantity required to 
produce high yields (Barber and Mederski, 1966). Continued 
corn production without the use of fertilizer K has resulted in 
many soils in the North Central states testing low or very low 
in available K, 
Murdoch _et (1962) observed that the application of K 
alone resulted in a delay in maturity, but hastened maturity 
and resulted in a substantial yield response when applied in 
combination with N and P. Krantz and Chandler (1954) reported, 
a significant response of corn to applied. K in 12 of 20 experi­
ments. The average increase in yield, was 18.6 bushels per 
acre, Krantz and Chandler (1951) noted that lodging was de­
creased and yields increased, by application of up to 66.4 pounds 
of K per acre on K deficient soils, Viets _et a^. (1954) 
reported that applied K did not significantly affect corn 
yields whereas Voss (1962) reported significant effects in only 
16 of 36 replicates. 
The preceding discussion on the response of corn to 
applied N, P and K was limited in view of the fact that an 
excellent discussion on mineral nutrition of corn is given by 
Nelson (1956), 
Present day research regarding the response of corn to an 
applied nutrient is conducted, with the knowledge that such a 
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response is affected not only by the environment but also by 
the rate and. combination with other nutrients, A common 
practice in early fertilizer experimentation was to study the 
effect of one element at varying rates while the rates of all 
other nutrients were fixed, at some constant level. Recognizing 
the limitation of this type of experimentation, Dumenil and. 
Nelson (1948) were among the first to advocate the use of 
factorial designs in order to ascertain the effects of two or 
more elements applied, in combination at varying rates. These 
research workers reported the results of 164 N, P and. K fac­
torial experiments conducted, in Iowa from 1944 to 1947 and 
showed, that 62 of these experiments with corn, oats and meadow 
hays had significant NP, NK, PK and. NPK interactions. 
Characterization of corn yields as a function of two or 
more variables resulted from a series of studies by Heady 
^ ad. (1955), Brown ^  a2. (1956), Doll e± (1958) and. 
Pesek e± (1959). In the first of these studies, conducted 
on a calcareous Ida silt loam, the response of corn to nine 
rates of N and P was characterized, by a full term square root 
function that included an NP interaction term. All terms were 
highly significant, including the interaction. In the second, 
of these investigations a 5 x 4 x 3 N, P and. K factorial was 
conducted on two soil types while a 3 x 3 x 3 factorial was 
initiated on a third soil type. A second degree polynomial 
function was fitted to the data for each experiment. The 
results showed, that the total response of corn as well as the 
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degree of response to applied N, P and K varied among soil 
typeso High soil fertility in some cases was thought to be 
responsible for the variation in response, 
Hutton et (1956) showed significant yield response 
from a 5 level N, P and K factorial experiment conducted over a 
period, of 4 years on a Red Bay fine sandy loam in Florida. The 
response to N was greatest in years where rainfall was ade­
quately distributed. The response to P was greatest in the 
first year and decreased as the experiment progressed due to a 
buildup of soil P. The response to K increased as the experi­
ment progressed as a result of a depletion of soil K on 
treatments receiving small annual applications of fertilizer K. 
Baird and Mason (1959) conducted. 23 experiments on Norfolk 
and Portsmouth soils of North Carolina using 5 levels of N, P 
and K in a "Box" design with 18 treatment combinations. The 
response to applied N was large as compared, to little or no 
response to applied P and K. The workers justified retaining 
non-significant terms in the second degree polynomial function 
on the basis that they are the best estimates for the data and 
should be preferred to the value zero. 
A study was initiated by Voss (1962) to measure the re­
sponse of corn to applied N, P and K in 18 multi-rate experi­
ments. The effect of N was generally to cause a yield 
increase. The general effect of P and K was to increase 
yields; however, the effects_wre diverse. The combined effect 
of N, P and K was conditioned by uncontrolled soil, climatic 
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and management variables, 
2, Effect of applied N, P and K fertilizers as influenced by 
environmental factors 
The quantitative characterization of the responses of 
agricultural crops to applied nutrients using second order 
polynomial equations are of value in making biological and 
economic interpretations (Baird and Mason, 1959). However, 
such characterization is of little value unless the influence 
of inherent soil nutrients is taken in consideration. The lack 
of response to applied P and K has often been attributed to 
initial high levels of soil P and K (Baird and Mason, 1959; 
Brown et , 1956). 
Long and Seatz (1953) were unsuccessful in predicting 
yield responses to applied P and K by chemical soil analysis 
and concluded that a better characterization of the soil was 
needed, Fiskeld and Hutton (1962) reported that pH, fluoride 
extractable P and exchangeable K were the best soil factors for 
predicting corn yield responses, Voss (1962) concluded that 
soil N, P, K and pH were of greatest significance in affecting 
yield response to applied N, P and K. The incorporation of 
soil test values per se in yield functions as independent 
variables has resulted in the explanation of significant vari­
ation associated with yield (Gomez, 1960; Besson, 1961; Voss, 
1962; Whitney, 1966), 
The response of corn to applied N, P and K, in addition to 
being influenced by soil chemical properties, is also affected 
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by other variables such as plant density, hybrid and moisture 
supply. 
The results of 4 experiments reported by Duncan (1954) 
show that yields of 3 hybrids were increased on highly fertile 
plots by increasing plant population from 8 thousand to 24 
thousand plants per acre. Yield response to population at low 
fertility levels were inconsistent as plant density increased. 
Pesek e^ aXo (1959) conducted 3 experiments on 3 soil types 
with 2 hybrids using stand and stand plus applied N as inde­
pendent variables to evaluate the effect of stand on yield. 
Their data show that the optimum stand differed for the two 
varieties and that stand was dependent upon N level as indi­
cated by the significant stand, by N interaction. Smith 
et al. (1962) reported significant corn yield increases up to 
a maximum of 17 thousand plants per acre and that the optimum 
stand was not dependent upon the level of applied N as the 
stand by N interaction was not significant. Termude _et al. 
(1963) concluded that maximum grain production involved a 
specific plant population and hybrid. An excellent review of 
literature relating stand to fertility level is given by Dungan 
et al. (1958). 
The effectiveness of applied fertilizer in increasing corn 
yields is related to the moisture supply. Smith e± (1962) 
reported that the response of corn to added increments of 
water was influenced, by both level of N and seeding rate. In 
general, the higher the N level and seeding rate, the greater 
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the marginal response to water. Brensing and Harper (1960) and 
Fulcher (1962) also reported significant yield increases under 
conditions of adequate moisture and applied N. 
Englestad and Doll (1961) evaluated the effect of 2 cli­
matic variables on the response of corn to applied P. Response 
of corn to P was dependent on June and July rainfall. These 
workers found that June plus July rainfall accounted for 75 
percent of the variation in corn yields with increasing amounts 
of applied P. 
B. Goi-> Yields in Relation to Management Factors 
Advances in corn production technology necessitates the 
constant evaluation of management factors (Rossman and Cook, 
1966). The development of new hybrids for specific localities 
results in the adjustment of such management factors as date of 
planting and plant density. 
Early planting of corn is likely to be of greater im­
portance in regions where the growing season is cooler and/or 
shorter and in areas where rainfall distribution is likely to 
be limited during stages of growth such as tasseling, silking 
and ear development (Rossman and Cook, 1966). The results of 
the above named authors over a 14 year period in Michigan that 
corn planted May 1-9 averaged 9 percent higher yields than May 
12-20 plantings, 16 percent higher than May 22-31 and 27 per­
cent higher than June 1-11. Grogan e± aJL. (1959), using 
hybrids representing 4 maturities, reported that at Columbia in 
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central Missouri yields were decreased an average of 12 bushels 
for every month of delay from April 20. At Sikeston, in 
southern Missouri, yield differences between April 1 and June 
20 plantings averaged 40 bushels for late maturing hybrids and 
25 bushels for early maturing hybrids. The authors reported 
that years and date of planting contributed most to variations 
in com yields in their investigations, 
Duncan (1954), reporting on 4 experiments conducted with 
different hybrids on different soil types, concluded that high 
plant populations are necessary in evaluating the effects of 
hybrid and. fertility level on yield, Shubeck and Caldwell 
(1955) reported that varying plant populations from slightly 
over 3 thousand to approximately 17 thousand stalks per acre 
resulted in a yield increase depending upon the soil type, its 
native fertility, the amount of applied fertilizer and the 
moisture supply, Jordan et (1958) observed maximum yields 
on a Kaufman fine sandy loam with 120 pounds of N per acre and 
a plant density of 12 thousand stalks per acre. Long (1961) 
concluded that 90 to 120 pounds of N per acre and stands of 12 
to 15 thousand were sufficient to obtain maximum yields in 
Tennessee. Plant populations of 9 to 18 thousand per acre and 
N applications of 0 to 200 pounds per acre were significant in 
a increasing corn yield in an experiment conducted, at 4 lo­
cations on loam soils in Missouri (Kroth and Doll, 1962), 
Golville and McGill (1962) reported that optimum yields on 
irrigated corn were obtained with plant densities of 16 to 24 
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thousand stalks per acre. Russ and Bell (1962) concluded that 
high plant populations were necessary for maximum corn pro­
duction in Tennessee, but the optimum number varied with soil 
type, Termude ^  a^, (1963), studying the effects of popu­
lation on yield using 8 hybrids under different climatic 
conditions, concluded that maximum grain production involved a 
specific plant population and hybrid. 
Excellent reviews of literature on plant density in 
relation to corn production and optimum plant densities re­
ported by various states are given by Dungan e^ (1958) and 
Rossman and. Cook (1966), 
The use of an adapted hybrid variety is as important as 
the introduction of hybrid corn in the late thirties. The fact 
that hybrid varieties differ in many characters is well docu­
mented in the literature, Eik and Hanway (1965) reported that 
the number, size, rate of emergence and longevity of corn 
leaves differed among hybrids. Longer season (late) hybrids 
developed and maintained large leaf areas per plant than the 
shorter season hybrids, Grogan e± al, (1959) reported that 
longer season hybrids yielded greater than short season varie­
ties, Termude et (1963) showed that 8 different hybrids 
varied in their yielding ability under different environmental 
stresses. The importance of hybrids in corn production is 
discussed by Duncan (1966), 
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Go Yield of Corn as Influenced by Climate 
1. Climatic factors 
One of the prime factors controlling the corn yield po­
tential from an experimental field plot or a commercial farm 
operation is the climate and more specifically, soil moisture 
as influenced by climate (Dale, 1964). The validity of this 
observation is substantiated by the voluminous literature re­
lating crop yields to climatic conditions. Some of the 
climatic factors most often studied are rainfall, temperature 
and relative humidity (Kelley, 1954). 
Davis and Pallesen (1940) used orthogonal polynomials to 
study the effect of rainfall on corn yields at Wooster, Ohio, 
from data collected over a 32 year period (1905-1936). Their 
results show that total rainfall for the season was not sig­
nificantly correlated with yields, but the linear component of 
the polynomial was significantly correlated with yield. Barger 
and Thom (1949) correlated maximum rainfall deficits, as de­
termined by a drought intensity index, with deviations of 
county corn yields in an attempt to measure the effect of 
climate on corn yields. Their data indicate that for years in 
which drought conditions occurred, from 25 to 60 percent of the 
total variation in yield was explained by their drought in­
tensity criterion. Basile (1954) defined drought as a period 
of 20 consecutive days in which there is less than one half 
inch of rainfall during the growing season. In summarizing 
drought in South Dakota over a period from 1914 to 1949, he 
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concluded that corn yields were reduced for the year in which 
drought occurred and in some instances for the following year 
also. 
In the Texas Blacklands, corn yields were found to be 
correlated, best with mean maximum June temperatures and. mean 
relative humidity (Bates, 1955), Better correlation resulted 
with these factors than with rainfall during any period of the 
year. Approximately 71 percent of the variations in yield 
could be explained by these 2 climatic variables. Using or­
thogonal polynomials, Runge and Odell (1958) found that pre­
cipitation and maximum daily temperatures 50 to 7k days before 
and 14 days after full tassel explained 67% of the corn yield 
variation during the period 1903 to 1956. When the upward 
trend in yields was included the coefficient of determination 
was raised to 0,75, 
Carmen (1963) suggested that the average daily maximum 
temperatures and total precipitation for the growing season 
were the most important weather variables affecting corn 
yields, Gomez (1960) concluded that 6 to 9,7 percent of the 
total variation in the response of oats to applied P fertilizer 
could be explained by 2 climatological factors, temperature and 
precipitation, 
2, Soil moisture utilization 
The effect of climate on plant growth may be assessed 
through its effect on moisture availability to plants. 
Although precipitation is the primary source of moisture for 
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plants, it is first absorbed by the soil and then in turn 
absorbed by plant roots from the soil. The availability of 
moisture to plants is therefore dependent to a large degree on 
soil properties* The utilization of soil moisture is also de­
termined. by plant and. climatic factors. Therefore moisture 
consumption and utilization by plants must be considered in 
terms of moisture availability as influenced by soil, plant and 
climatic factors (Kelley, 1954 and Jamison, 1956). 
Linscott e^ aJ.. (1962) reported, that N fertilized, corn 
produced, a deeper and. more extensive root system early during 
the growing season as compared to unfertilized corn and. subse­
quently increased, moisture utilization during a period of plant 
development prior to and during tasseling. The result was to 
increase yields and. the efficient use of water. Hanks and 
Tanner (1952) reported that in several experiments in Wisconsin 
with corn, oats, cucumbers and alfalfa, water requirement was 
lowered by the addition of fertilizer. Corn yields were 1.43 
times greater with applied N, P and K as compared to unferti­
lized corn. 
The water holding capacity and stored moisture are of 
importance, especially if rainfall is limiting during the 
growing season. Russell and Danielson (1956) established 3 
moisture regimes to study depth patterns of water use by corn. 
Their results show water additions either by rainfall or irri­
gation affect only the upper two feet of soil during the 
growing season. On plots receiving no water, moisture was 
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extracted to a depth of 5 feet, indicating that subsoil 
moisture reserved are of importance especially if the upper two 
feet of soil are depleted periodically. Similar results were 
reported by Letey and Peters (1957). Holt and Van Doren (1961) 
reported that available soil moisture and. the rate of water 
usage will determine the depth to which plants will extract 
water. Holt _et (1964), summarizing the data for 75 lo-
cation-years, showed that a minimum of 6 inches of available 
moisture reserve was necessary to produce 70 bushel corn with 
normal precipitation. 
The evidence accumulated in the literature shows over­
whelmingly that moisture availability decreases with decreasing 
moisture content and increasing soil moisture tension (Kelley, 
1954 and Jamison., 1956). It would be expected that both 
transpiration and. evaporation would, also be affected. Using 
covered and uncovered, plots with rainfall and irrigation 
treatments, Peters and Russell (1959) concluded that 50% of the 
total évapotranspiration could be accounted for by evaporation 
from the soil surface and. stated further that transpiration was 
influenced only in a minor way by plant population and soil 
moisture environment. These workers did not adjust for micro­
climate effects. However, Peters (1960) reported, that under 
conditions of high evaporative demand, plant growth was influ­
enced by soil moisture tension and moisture content. Fritschen 
and Shaw (1961) concluded that subtraction of transpiration 
from total évapotranspiration does not give a true estimate of 
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evaporation due to differences in microclimate. In plastic 
covered plots transpiration was measured to be 73 percent of 
évapotranspiration and. 89 percent after adjusting for energy-
interception differences. Ragland _et a2. (1965), measuring 
corn growth in a well defined environment, showed that growth 
was correlated with various microclimatic factors, 
Denmead and Shaw (1962) reported that actual transpiration 
decreased with decreasing soil moisture content and increasing 
potential évapotranspiration. Soil moisture tensions in the 
root zone when actual transpiration rate fell below the po­
tential rate ranged from 12 bars under conditions of low 
atmospheric demand to 0.3 bar under conditions of high atmos­
pheric demand. Fritschen and Shaw (1961) reported that 
évapotranspiration was also influenced by stage of corn de­
velopment. They also showed that open pan evaporation may be 
used, to estimate évapotranspiration provided a relationship 
between crop and. open pan évapotranspiration has been es­
tablished for a given area. Doss et (1962) also concluded 
that open pan evaporation provided a good estimate of 
évapotranspiration if calibrated for a given area. 
The effect of moisture stress on plant growth varies with 
stage of development. Robins and Domingo (1953) reported that 
depletion of soil moisture to the wilting percentage by field 
corn for periods of 1 or 2 days resulted in a 22 percent yield 
reduction. Moisture stress for periods of 6 to 8 days gave 
yield reductions of as much as 50 percent. Denmead and Shaw 
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(1960) studied the effects of soil moisture stress at different 
stages of growth on the development and yield of corn. Their 
results show that reduced plant size is a result of moisture 
stress in the vegetative stage. Yield reduction as a result of 
moisture stress in the vegetative, silking and ear stages were 
25 percent, 50 percent and 21 percent, respectfully. Holt and 
Van Doren (1961) concluded that water requirement for corn is 
greatest in the period from tasseling to kernel formation. 
Aspinall e± (1964), working with barley, reported that 
grain numbers per ear were seriously affected, by stress oc­
curring prior to anthesis while grain size was reduced more by 
stress at anthesis and shortly thereafter. Elongation of 
internodes was reduced mostly by stress at or just before 
earing and less seriously affected by earlier or later stress. 
Their data support the contention that the organ which is 
growing most rapidly at the time of stress is the one most 
seriously affected. Wiebe (1962) concluded that moisture 
stress interferes with the normal metabolic activities of the 
plant. Using he showed that photosynthesis and translo­
cation decreased as the degree of wilting intensified. His 
data indicate that one mechanism by which limited soil moisture 
may reduce growth is by a reduction in the translocation of 
carbohydrates and the subsequent starvation of the growing 
regions. Denmead _et al« (1962) reported that 73 percent of the 
net radiation expended within the crop canopy was used by the 
upper half of the canopy. They concluded that during periods 
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of water stress with only the top leaves wilting, substantial 
decrease in photosynthesis and respiration could occur. 
3. Characterization of soil moisture stress 
Evaluation of moisture déficiences by various research 
workers have centered on methods of computing a daily balance 
of soil moisture available to plants and noting the days in 
which the depletion of soil moisture reached a certain critical 
level. Any day in which the water balance was below some 
predetermined level, a stress day or drought day existed. 
These various methods and. procedures all employ specific clima-
tological measurements as well as soil and plant factors in 
computing the daily water balance. 
Among the first to evaluate the effect of soil moisture 
deficiency on plant growth was Van Bavel (1953). Using 
Thornwaite's method, to compute évapotranspiration he determined 
drought days for tobacco based on an 8 inch root penetration 
and a soil moisture storage capacity of 1.7 inches. Van Bavel 
^ (1957), using 25 years of weather records (1930-1954), 
computed drought days for April through October in South 
Carolina. Using Penman's method to calculate évapotranspiration 
and 5 different water holding capacities, the probability of 
occurrence was also determined. Utilizing Van Bavel's method, 
Ehlers (1960) computed the occurrence of drought days for 4 
periods during the growing season for corn. He then regressed, 
the yield of corn as a function of drought days in each period 
and showed that 3 of the 4 periods, 32 days prior to tasseling, 
21 
14 days during tasseling and pollination and 31 days after 
tasseling, accounted for 50 percent of the variation in corn 
yield. Parks and Knetsch (1960) expressed moisture deficien­
cies in terms of drought days for June, July and the combined 
months of August and. September, The drought days in each 
period were used, to develop a drought index. Using the drought 
index criterion and. applied. N as inputs, these authors were 
able to explain 87,5 percent of the variation in the yield of 
millet. Stauber ^  aJ., (1963) used incidence of drought, as 
determined by the drought day concept, to determine irrigation 
needs in southeast Missouri, 
Shaw (1963) devised a method, for estimating soil moisture 
depletion under corn taking into consideration soil, plant and. 
climatic factors. He divided the growing season into 3 periods, 
namely, April to June, June to August and August to November, 
He then determined, the moisture balance for each day and com­
pared the estimated values with actual soil moisture measure­
ments taken at the end of each period. The results are as 
follows: for the April to June period the correlation between 
observed and predicted soil moisture was 0,96; for June to 
August period, the correlation was 0.95; and for the August to 
November period the correlation was 0,96, This method is used 
to estimate soil moisture depletion in this study and will be 
discussed in more detail under Experimental Procedures, 
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D. Soil Variability-
Variability of soils with regard to physical and. chemical 
properties is generally recognized; however, this variability 
has been ignored in the interpretation of much experimental 
data. Harris (1915) pointed out that soil heterogeneity is a 
factor in causing differences in crop yields. He demonstrated 
this by correlating yields of adjacent plots and reported 
correlation coefficients (r) ranging from 0.115 to 0.609. 
Robinson and. Lloyd (1915) measured soil variability in terms of 
chemical analyses performed, on 45 borings taken on each of two 
plots. One was visually uniform while the second, appeared, 
nonuniform. The total N content of the uniform plot ranged 
from 0.115 percent to 0.258 percent in the surface soil and 
from 0.118 percent to 0.243 percent in the subsoil. The N 
content of the nonuniform plot varied, from 0.113 to 0.226 per­
cent in the surface and. from 0.087 percent to 0.115 in the 
subsoil. 
Gline (1944) reviewed, some aspects of soil sampling and 
stated that errors due to field sampling were generally greater 
than those due to laboratory analyses. He stated further that 
areas to be sampled should, be divided into homogeneous strata 
and the number of samples needed could be calculated using the 
tabular values of student's "t" statistic if the allowable 
variance is known. With regard, to compositing samples Gline 
states that such a practice is allowable and unbiased if only 
the nutrient mean is the objective. 
Rigney and Reed. (1945) attempted to provide objective 
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bases for sampling techniques in their experimental work. 
Twenty adjoining fields, each 8 acres in size, were divided 
into 4 equal units from which 20 borings were taken. Their 
results show that the levels of chemical constituents varied 
widely, especially soluble P and organic matter. In a later 
study Reed and. Rigney (1947) sampled, uniform and. nonuniform 
appearing field. 3/4 acre in size. After determining nutrient 
contents they concluded, that each nutrient had. a different 
pattern of variability and the precision necessary will be de­
termined. by the level of accuracy for each property measured 
and by the property requiring the greatest intensity of 
sampling. Additional evidence to support the contention of 
Reed, and Rigney (1947) is present by Pritchett et (1953). 
These research workers concluded, that two or more composite 
samples consisting of 12 to 15 borings each were adequate for 
characterizing uniform areas 8 to 12 acres in size, 
Delong et a^, (1953) collected, composite samples of soil 
and. corn leaf tissue from a 2 year experiment conducted on 4 
soil types that received similar fertility and. management 
treatments. They reported that plant analysis may confirm 
evidence of uniformity or nonuniformity of soil with an experi­
mental area. These workers concluded, that significant differ­
ences in plant composition were correlated with changes in soil 
type indicating that soil characteristics in this experiment 
were dominant over the presumably leveling effects of uniform 
cultural management and fertilizer application. Variation in 
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wheat yields under 46 years of uniform management were reported 
by Fly and Romine (1964) to be due to differences in soil type 
rather than treatment. They found yield to be correlated with 
soil properties such as micro relief and. depth to horizon of 
high GaCOg. 
In analyzing soil variability in red pine plantations in 
the northeast, Mader (1963) reported within plot variability to 
be much less than between plot variability. Coefficients of 
variability for different soil properties ranged from 7 to 83 
percent and the magnitudes of variability were similar in the A 
and B horizons* Crews ^  (1963) used a soil heterogeneity 
index to estimate optimum plot size for field experiments with 
flue-cured tobacco. The results of uniformity trials at 2 lo­
cations showed that the soil heterogeneity index for yield 
varied from 0.465 to 0.917, indicating extreme soil variability. 
Barker and Steyn (1956) selected, an area 32 feet square in 
size, subdivided this area into 64 4 x 4 foot plots and. removed 
4 borings from each. Statistical analysis showed that as plot 
size was reduced, from 32 x 32 feet to 8 x 8 feet the standard 
error for N, P and K soil test values decreased. In estimating 
the minimum number of samples at the 5 percent level of proba­
bility required to show a significance of 1, 2, 5 and. 10 percent 
of the general mean for K2O, 2073, 518, 83, and. 21 samples were 
required. These authors also reported that a different number 
of samples are required for the same degree of accuracy for N 
and. P and this number varies with soil type. The results of 
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Leo (1963) and. Gallagher and Herlihy (1963) are in agreement 
with those of Barker and Steyn (1956). In addition these 
research workers suggested that much of the variability in 
soils was a result of farming practices such as fertilization, 
liming and manuring, 
Jensen (1962) initiated a field study to determine the 
influence of soil variability on optimum soil sampling and 
fertilizer use. He reported that failure to account for soil 
variability may lead, to incorrect specifications of yields, 
profits and profit-maximizing resource inputs. His data 
suggest that (a) sampling on the basis of natural stratifi­
cation may be inferior to alternative procedures which ignore 
soil type, slope and erosion differences, (b) large areas may 
be rather homogeneous with respect to soil test values as de­
termined by laboratory analyses and (c) variability of soil 
test quantities do not necessarily increase with greater topo­
graphical differences exhibited in the field. 
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III. EXPERIMENTAL PROCEDURES 
Basically the production of corn is an economic activity, 
and therefore the relationship between yield and inputs is a 
necessity if agriculturists are to advise farmers of the alter­
natives that may lead to maximum return (Pesek, 1963). Recog­
nizing that corn yields were dependent upon the rates, sources 
and combinations of applied, fertilizer nutrients, agronomists 
initiated increasing numbers of multi-rate and multi-variable 
experiments following World War II, The results of this intense 
experimentation has shown that factors of production controlled 
by the researcher were not the only variables affecting corn 
yields. It was recognized that within site and among site 
variation has caused differences in the response of corn to 
applied fertilizer. The results of recent studies is offered 
as support (Gomez, 1960; Besson, 1961; Voss, 1962; Carmen, 
1963; Whitney, 1966). 
This study was initiated to determine the response of corn 
to applied fertilizer and the influence of a wide range of 
environmental factors on this response, 
Ao Selection of Experimental Sites 
A total of 22 multi-rate N, P and K fertilizer experiments 
were conducted on cooperating farmer's fields during a 2 year 
period. Thirteen of these experiments were conducted in 1963 
and 9 in 1964. The names and locations of the cooperators 
appear in Table 20 in the Appendix. 
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The 22 experimental sites were located on different soils 
throughout the state of Iowa. The parent material of soils at 
all of these sites is loess. The general location and. soil 
association areas are as follows; northwestern Iowa on the 
Galva-Priraghar-Sac soil associations; Downs soil association in 
northeastern Iowa; Tama-Muscatine soil association in east 
central Iowa; Otley-Mahaska-Taintor soil association in south­
eastern Iowa; Adair-Seymour-Edina soil association in southern 
Iowa; and the Marshall soil association in southwestern Iowa. 
Profile characteristics, land use, fertility levels and corn 
production potential of the major soils in the above soil as­
sociations are discussed by Oschwald et (1965). 
The criteria for the selection of a particular site were 
as follows: second year corn, no manure in the past 2 years 
and no fertilizer applied, since the crop grown the previous 
year. 
B. Field. Plot Technique 
Upon selection of a site two replicates of 24 plots each 
were superimposed on the experimental area. Each plot measured 
13 1/3 feet by 40 feet which allows for 4 rows 40 inches apart. 
A composite soil sample consisting of 12 borings was taken from 
the surface 6 inches of each plot. A composite sample of 12 
borings was taken from each replicate in 6-inch increments to a 
depth of 36 inches. Determinations for nitrifiable nitrogen 
(n), available phosphorus (p), exchangeable potassium (k) and 
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pH were made on all samples by the Iowa State University Soil 
Testing Laboratory. 
After soil sampling, fertilizer was hand spread uniformly 
on each plot. The rates and combinations will be presented in 
another section. In most instances this fertilizer was applied 
on the previous year's corn stubble and plowed under by the 
cooperator. The cooperator was allowed to perform such cultural 
practices as seedbed preparation and cultivation as well as 
selecting the planting date, hybrid and plant population. 
Soil samples in 1-foot increments to a depth of 5 feet 
were taken for moisture determinations shortly after corn 
emergence. Rainfall gauges were installed near each experi­
mental site and the rainfall record was kept throughout the 
growing season by the cooperator. Soil moisture characteristics 
measured were initial moisture at time of sampling, field ca­
pacity and. wilting point. The latter two measurements were 
made by subjecting soil samples to pressures of 1/3 and 15 
atmospheres, respectfully. 
Yield of corn in bushels per acre was estimated by hand 
harvesting 35 feet of the center 2 rows of each plot. The corn 
was shelled by a mechanical corn sheller and weighed. Moisture 
content of the cob was expected to vary from plot to plot as a 
result of the treatments imposed and it was thought that shelled 
corn would provide a better estimate of yields. A sample of 
the shelled corn was taken for moisture determination for each 
plot. Yields were adjusted to a common moisture percentage of 
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15.5 using a conversion table. 
Plant population varied from plot to plot, therefore stand 
counts were taken at harvest time on each plot. 
G. Characterization of Experiments 
Within each experimental site, corn plot yields can be 
expressed as a function of applied nutrients, soil variables, 
management factors and climatic factors. The applied nutrients 
are considered to be controlled variables since the experimenter 
determines the sources, rates and combinations applied to the 
corn plots. Soil test values for N, P, K and pH, both in the 
surface and subsurface are considered uncontrolled variables as 
the quantity of each varies at random from plot to plot. In 
this work the management factors such as hybrid, time of plant­
ing and population level are considered uncontrolled, variables 
also. 
The climate within a particular location may be considered 
to be constant for all plots. However, in evaluating corn 
yield responses at several locations the climate can be assumed 
to vary and is considered as a uncontrolled variable. 
Climate at each site may be characterized by such measure­
ments as temperature, rainfall, relative humidity and wind. 
However, in experimentation, cost of collecting and analyzing 
large volumes of date is a prime consideration. There is also 
a physical load limit to consider. Therefore the effect of 
climate on corn yields was evaluated in terms of daily moisture 
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deficiencies expressed as stress days. Basically, a stress day 
is any day in the growing season in which the available soil 
moisture within the rooting zone is depleted below some critical 
level that results in reduced plant growth. The use of the 
stress day concept results in an integrated soil-plant-climate 
variable which may be used, to explain the effect of climate on 
water use by the plant. The method used, to calculate a stress 
day is described in the following paragraphs. 
Calculation of the available soil moisture in the root 
zone can best be described in terms of a water budget. A water 
budget is simply a record of the gains and losses of soil 
moisture. The moisture budget method proposed, by Shaw (1963) 
was used in this investigation. The method is simple and accu­
rate and requires a minimum of data. Some of the basic 
measurements required are initial available soil moisture, 
water-holding capacity, precipitation at the experimental site, 
estimation of rooting depth at various stages of growth and 
open pan evaporation which is an integrated climatic variable. 
Beginning with emergence of the corn seedling, precipi­
tation amounts are added to the soil moisture supply after 
deducting for runoff. Losses froti. the soil by evaporation are 
estimated to be 0.1 inch per day for as long as available 
moisture is present in the top 6 inches. After early June, 
évapotranspiration is estimated by using open pan evaporation 
data as a measure of potential evaporation. The open pan data 
is multipled by a factor to account for crop development and by 
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a factor that considers moisture stress, if any. The resulting 
product of these values gives the actual évapotranspiration. 
Daily évapotranspiration is then substracted from the available 
soil moisture supply in the rooting zone. As the season pro­
gresses water is extracted from lower depths so that by August 
1, water use is assumed to take place to a depth of 5 feet. 
Water use is prorated among the different depths with the 
largest percentage coming from shallower depths that contain 
the largest mass of roots (Foth, 1961). 
The use of the stress day concept by 2 Iowa investigators 
is of interest since the criteria used for selecting stress 
days results from their investigations. Voss (1962) tested 
several criteria by correlating stress days for various physi­
ological stages with check plot yields. The criterion with the 
best correlation was chosen. Accordlingly, Voss defined a 
stress day as any day in which 60 percent of the available 
moisture was depleted from the root zone and the surface foot. 
The use of this criterion for selecting stress days may lead to 
an underestimation of the number of stress days occurring during 
the growing season. From this definition one infers that 
transpiration proceeds at the same rate within the available 
moisture range of 40 to 100 percent, regardless of the atmos­
pheric demand. The results of Denmead and Shaw (1962) indicate 
that transpiration varies depending upon the available moisture 
supply and the potential évapotranspiration. Their results 
show that plants did not wilt on low atmospheric demand days 
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even when the soil was approaching wilting point. On a high 
atmospheric demand day, transpiration was reduced when the soil 
moisture was slightly below field capacity. The point at which 
plant cells lost tugor and the stomatas began to close was 
termed the "tugor loss point". These authors constructed a 
curve of the estimated tugor loss points by plotting évapo­
transpiration at field, capacity on the abscissa and percent of 
available field capacity in the corn root zone on the ordinate. 
Dale (1964) employed this method with great success in explain­
ing corn yield variation. Using the number of non-stress days 
in a 6 week period prior to and a 3 week period following 75 
percent silking as independent variables along with stand and 
years, he was able to explain 83 percent of the variation in 
corn yieldso 
It appeared that the criterion used by Denmead and. Shaw 
(1962) and Dale (1964) for defining a stress day was superior 
on the basis of the experimental results reported by Denmead 
and Shaw. Therefore, a stress day in this study is defined, as 
any day in the growing season in which the available moisture 
in the root zone and surface foot is depleted below the level 
of the estimated tugor loss point. 
Since moisture deficiencies are more critical during 
certain stages of plant growth, the growing season of 18 weeks 
was divided into 4 periods. These 4 periods are identical to 
those described by Voss (1962). 
The first period, 5 weeks in length starting from planting 
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date, is comparable to stages 1 and 2 as described by Hanway 
(1963). At stage 2 the collar of the eighth leaf is visible. 
The second period is 4 weeks in length. The corn grows rapidly 
during this period, showing 16 leaves and some tassel tips. 
This is stage 4 or 56 days from plant emergence. The third 
period, is 3 weeks in length and. it is during this period that 
silking occurs. Stage 5 as proposed by Hanway represents 66 
days from emergence or 75 percent silking. Stage 6 is 78 days 
from emergence or 12 days after 75 percent silking. Period. 
four is 6 weeks in length and. correspond, to stages 7 through 
10. (Hanway, 1963). Stage 10, 126 days from emergence repre­
sents physiological maturity. 
D. Statistical Methods 
The statistical design for the 1963-1964 experiments was a 
central composite design with one additional check plot per 
replication. The use of central composite designs are discussed 
by Box and. Wilson (1951). This design is best suited for 
characterizing yield, response by multiple regression techniques 
while requiring fewer treatment combinations than a complete 
factorial. The rates and combinations of N, P and K are given 
in Table 1. 
Analysis of variance was calculated, for each experiment in 
order to ascertain treatment effects. Yields were corrected, 
for stand by covariance analysis. The experiments for each 
year were combined, to detect whether the uncontrolled factors 
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Table 1. Rates and combinations for the five level central 
composite N, P, and K experimental design 
Treatment Pounds per acre 
number N P K 
1 40 20 20 
2 40 20 60 
3 40 60 20 
4 40 60 60 
5 120 20 20 
6 120 20 60 
7 120 60 20 
8 120 60 60 
9 80 40 40 
10 0 40 40 
11 160 40 40 
12 80 0 40 
13 80 80 40 
14 80 40 0 
15 80 40 80 
16 0 0 80 
17 0 80 0 
18 0 80 80 
19 160 0 0 
20 160 0 80 
21 160 80 0 
22 160 80 80 
23 0 0 0 
24 0 0 0 
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were significantly affecting yield and more specifically 
whether these uncontrolled factors affected yield responses to 
treatments. 
Multiple regression analyses for the individual sites and 
for the combined data were computed by the Iowa State University 
Statistical Laboratory. The rates of N, P and K were expressed 
in 10 pound units and. soil pH was coded around pH 6. In 
general, the statistical techniques used in this study are 
those of Snedecor (1959). 
The effect of the uncontrolled soil, climatic and manage­
ment variables on yield was determined by regressing check plot 
yields as a function of these variables. This method of ascer­
taining significant uncontrolled, variables was adopted from 
Voss (1962). The significance of the variables were tested, by 
two criteria. First, the contribution to the regression sums 
of squares by the various soil, climatic and management factors 
were calculated, and. tested by the F-test. The mean square was 
considered significant if it attained a probability of at least 
0.30. Secondly, student's ^ -statistic for each partial re­
gression coefficient was considered. If the t-test attained a 
value of 1 (probability of 0.33) the variable was considered 
significantly different from zero. This procedure was employed 
for all regression analyses. 
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IV .  RESULTS AND DISCUSSION 
In evaluating the response of corn to applied fertilizer 
consideration of the uncontrolled environmental factors is a 
prerequisite for valid comparisons and inferences about 
treatment differences. A review of the literature concerned 
with the response of corn to applied fertilizer reveals that 
such experimentation has been consistently plagued by unex­
plained variation in corn yields. During the past decade in­
creased emphasis has been given to the quantitative measurement 
of the plant's environment in an attempt to account for all 
factors affecting yields. 
It is the purpose of this study to identify and measure 
the influence of uncontrolled environmental factors on the 
response of corn to applied fertilizer. From the experiences 
of man from the earliest of times it is known that plant growth 
and/or yield is the product of the integrated effects of soil, 
climate and human manipulations. Therefore this investigation 
was initiated with the idea of expressing yield of corn as a 
function of applied, fertilizer nutrients and meaningful en­
vironmental parameters. 
A. Evaluation of Soil Variability 
Soil, as a medium for plant growth, supplies the plant 
with essential nutrients and water. However, the inherent 
fertility of most soils is not sufficient to attain maximum 
yields, therefore the soil is supplemented by fertilizers. 
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Depending upon the initial level of the various soil nutrients, 
the magnitude of plant response to applied fertilizer varies. 
It has been the experience of soil investigators that soils 
vary not only in chemical properties, but also in physical and 
biological properties. In reviewing the literature the follow­
ing conclusions may be drawn: (a) soil variability within 
small areas is almost as great as within large areas; (b) the 
pattern of variation tends to be random rather than systematic; 
(c) the random pattern of variation is different for different 
soil properties; and (d) the number of samples required to 
characterize soil depends upon the accuracy required, the soil 
type and the properties being measured. 
Each of the 22 experimental sites chosen for this study 
consisted of two replicates, each having 24 plots. Each plot 
may be considered as an individual and each replicate as a 
finite population of individuals representative of the whole 
soil mass. To determine soil heterogeneity or homogeneity, the 
null hypothesis was set up that there was no difference between 
the two population samples, i.e., between replicates. From 
statistical theory it is known that if items are drawn at 
random from a normal population, then randomly paired, the 
difference between pairs are normally distributed with a mean 
of zero (Snedecor, 1959). 
Plots in one replicate were randomly paired with plots in 
the second replicate and differences in their soil nitrogen, 
phosphorus, potassium and pH were calculated. The statistics 
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computed were as follows: 
(1) d, the mean difference between the two populations 
computed by summing the difference between the 24 
randomly paired plots, 
(2) sj, the standard error of the mean difference, 
(3) jt, calculated from __É. 
Sd 
The results for each soil property at the various sites are 
reported in Table 2. 
The results indicate that the soils were heterogeneous 
with respect to 4 chemical constituents in 21 of the 22 experi­
mental sites. Significant differences in at least 2 of the 4 
properties measured was noted on the 21 heterogeneous sites. 
The results are in agreement with those reported in other in­
vestigations (Barker and Steyn, 1956; Hammond e± a2., 1958; 
Leo, 1963; Mader, 1963). Mader (1963) reported coefficients of 
variation ranging from 7 to 83% for various soil properties, 
indicating different patterns of variability for the measured 
properties. Coefficients of variation for the soil test values 
in this study were quite variable also. On site 4, the coef­
ficients of variation for pH and phosphorus were 2 and 51%, 
respectively. The range of coefficients of variability for 
other sites indicate that some degree of variability may be 
expected in all soils. 
The results reported in Table 2 indicate that in view of 
the consistent soil heterogeneity, intensive soil sampling of 
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Table 2. Student's t^test of significance for differences in 
soil N, P, K and pH for all sites 
Soil test factor 
Site Parameter N P K pH 
1 d^ 11.71 3.50 33.33 0.15 
2.42 2.82 7.82 0.022 
tc 4.84*** 1.24+ 4.26*** 6.82*** 
C.V.d 14.2 33.5 6.97 0.32 
2 d. 2.46 5.02 25.00 0.07 
®d 2.21 2.18 17.90 0.02 
t 1.13 + 2.30** 1.40++ 3.50*** 
C.V. 11.9 19.7 21.0 0.39 
3 d 6.16 0.17 50.33 0.18 
Sd 1.97 1.24 4.95 0.025 
t 3.13 0.14 10.17*** 7.20*** 
C.V. 9.81 26.6 19.5 0.45 
^d is the mean difference between the two replicates. 
^Sj is the standard error of the mean difference, 
^t is the calculated value of student's t-statistic with 
23 dof. 
^G.V. refers to the coefficient of variation. 
kk-k _ probability level. 
= .05% probability level. 
= .10% probability level. 
= .20% probability level. 
= .30% probability level. 
The symbols indicating significance level will be used 
throughout this dissertation. 
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Table 2 (Continued) 
Soil test factor 
Year Site Parameter N P K pH 
4 d. 2.46 7.07 75.21 0.08 
8d 2.52 3.21 13.60 0.04 
t 0.98 2.20** 5.53*** 2.00* 
C.V. 12.0 51.6 12.4 2.38 
5 d. 1.67 1.46 2.63 0.006 
8d 2.59 1.49 5.24 0.017 
t 0.64 0.98 0.50 0.35 
C.V. 16.2 23.4 10.1 0.33 
6 d 1.13 0.79 7.39 .033 
8d 2.82 0.55 6.20 .031 
t 0.40 1.44+ 1.19+ 1.06 
C.V. 14.5 8.04 12.7 1.83 
7 d. 4.75 2.56 17.33 0.002 
Sd 2.22 1.49 7.44 0.017 
t 2.14** 1.72* 2.33** 0.12 
C.V. 12.0 18.5 12.6 0.98 
8 d 0.71 9.45 29.96 0.53 
Sd 1.67 2.26 6.46 0.26 
t 0.43 4.18** 4:65*** 2.04** 
C.V. 11.3 22.7 12.14 4.22 
9 d. 1.92 16.67 98.13 0.050 
8d 1.63 2.88 17.66 0.002 
t 1.18+ 5.99*** 5.56*** 25.00** 
C.V. 12.9 2.13 29.5 4.20 
10 d 3.54 10.04 9.92 0.002 
Sd 2.05 2.09 6.44 0.054 
t 1.73* 3.46*** 1.54++ 0.04 
C.V. 10.2 29.6 11.5 2.82 
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Table 2 (Continued.) 
Soil test factor 
Year Site Parameter N P K pH 
11 d, 13.58 13.45 67.45 0.120 
Sd. 2.68 2.02 9.10 0.017 
t 5.07*** 6.65*** 7.39*** 7.05*** 
C.V. 11.6 20.7 10.5 0.69 
12 d 5.29 7.92 37.96 0.690 
Sd. 1.79 1.48 10.92 0.026 
t 2.96*** 5.35*** 3.48*** 26.53*** 
C.V. 9.6 18.6 7.33 4.21 
13 d. 1.04 0.63 7.33 0.060 
Sd 1.77 0.67 5.53 0.026 
t 0.59 0.94 1.33++ 2.31** 
C.V. 15.0 11.0 16.6 1.39 
14 d 11.17 2.46 34.54 0.36 
Sd 6.11 1.16 9.08 0.10 
t 1.83* 2.12** 3.80""" 3.60*** 
C.V. 26 o 6 20.7 8.5 1.95 
15 d 8.83 0.42 77.13 0.062 
Sd 2.55 0.88 14.16 0.017 
t 3.29*** 0.48 5.45*** 1.59* 
C.V. 20.6 18.5 15.3 2.78 
16 d, 1.04 0.21 27.54 0.060 
Sd 1.58 0.37 6.92 0.014 
t 0.66 0.57 3.98*** 4.29*** 
C.V. 10.4 11.8 14.5 2.12 
17 d 6.25 1.71 2.17 0.160 
Sd 4.23 0.47 4.83 0.039 
t 1.48* 3.64*** 0.44 4.10*** 
C.V. 22.9 11.2 15.2 1.94 
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Table 2 (Continued) 
Soil test factor 
Year Site Parameter N P K pH 
18 d 1.96 12.50 25.46 0.170 
8d 3.95 2.86 15.29 0.037 
t 0.50 4.37" 1.67* 4.59* 
C.V. 22.2 39.1 26.5 0.12 
19 d 2.75 2.50 2.29 0.120 
Sd 2.35 2.17 6.99 0.025 
t 1.17 + 1.15+ 0.33 4.80* 
C.V. 22.0 34.1 12.9 1.15 
20 d 5.04 1.00 1.54 0.190 
8d 1.82 1.82 5.50 0.022 
t 2.77** 0.55 0.28 8.64* 
C.V. 17.3 28.0 11.6 1.17 
21 d. 5.21 1.88 0.17 0.130 
Sd 2.97 0.51 2.98 0.032 
t 1.75* 3.69""* 0.06 4.06 
C.V. 42.0 8.8 9.5 1.63 
22 d, 6.00 3.00 2.17 0.050 
Sd 3.38 1.48 3.24 0.056 
t 1.78* 2.03** 0.67 0.89 
C.V. 30.0 19.28 2.86 1.00 
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experimental plots is justified» The use of plot soil test 
values should explain a significant proportion of the variation 
in corn yields when employed as independent variables in a 
yield function. The range of soil values as well as other 
environmental variables are reported in Table 3, The soil test 
values for each plot are reported in Table 21 in the Appendix, 
Table 3. Observed and possible range of environmental factors 
Factor Observed range Possible range 
N 18 - 142 pp2m 10 - 200 pp2m 
P 11 85 pp2m 5 - 200 pp2m 
K 78 - 400 pp2m 30 - 400 pp2m 
pH 5.35 7.50 5. 0
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Stress days (D^) 0 7 0 - 35 
Stress days (D2) 0 - 18 0 - 28 
Stress days (D3) 0 - 21 0 - 21 
Stress days (D^) 0 - 16 0 - 42 
Planting date May 3 - May 22 April 20 - June 15 
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B. Site Evaluation 
As mentioned, previously a particular experimental location 
was characterized by climatic and management variables. The 
climate at each site was measured in terms of a integrated, 
soil-plant-climate variable called a stress day. The growing 
season was divided into 4 periods on the basis of physiological 
stages of growth. The first period, 5 weeks in length is 
denoted, by the second, period is 4 weeks and denoted by D2 ; 
the third, and fourth periods are 3 and. 6 weeks in length and. 
denoted by D3 and. Di4, respectfully. Period, two may be described 
as the grand period of growth. Period, three is perhaps the most 
critical since tasseling and. silking occur during this time. 
Period, four is the grain formation and maturation period. 
Soil moisture depletion was calculated by the method of 
Shaw (1963). Stress days were calculated, by determining the 
percent available soil moisture in the root zone and. comparing 
this value with the estimated, tugor loss points from a curve. 
The turgor loss point curve was constructed according to the 
methods of Denmead and Shaw (1962) using data from a Moody silt 
loam.^ The moisture characteristics of this soil are assumed 
to be comparable to those of this study on the basis of common 
parent material (loess) and similar profile characteristics 
(Oschwald et al., 1965). The estimated tugor loss point curve 
^Amemiya, M., Ames, Iowa. Moisture characteristics of 
four Iowa soils. Personal communication. 1964. 
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is shown in Figure lo A stress day existed if the percent 
available soil moisture was less than that required to satisfy 
the atmospheric demand. For example, if the évapotranspiration 
rate at field capacity was 0.19 inch per day, a moisture content 
of 60 percent or greater of the available field, capacity was 
required to prevent a moisture stress. The number of stress 
days for all sites are reported in Table 4. 
In addition to the climatic variables each site was also 
characterized by several management factors. Plant density 
varied from plot to plot, therefore stand counts were taken and 
the plant population in thousands of stalks per acre was used 
as an independent variable. Planting date differed from lo­
cation to location. Using April 1 as the base, planting date 
was given a numerical value equal to the number of days that 
had elapsed from April 1 to time of planting. The effect of 
different hybrids was evaluated by assigning a numerical value 
equivalent to the maximum yields obtained for each hybrid under 
conditions of high plant population, high fertility and good 
management. These yield potentials were obtained from the 1963 
and 1964 Iowa corn yield tests. Hybrids, planting dates and 
yield potentials are reported in Table 5. 
Figure 1. Estimated turgor Loss curve relating available soil 
moisture in corn root zone to évapotranspiration for 
a Moody silt loam. (M. Amemiya, Aities, Iowa, 
Moisture characteristics of four Iowa soils. Private 
communication. 1964.) 
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Table 4, Calculated, stress days for four growth periods in 
1963 and 1964 
1963 1964 
Site D2 ^2. ^3 ^4 
1 0 7 10 0 
2 0 14 15 0 
3 0 18 12 0 
4 0 16 12 0 
5 0 2 10 0 
6 0 0 8 0 
7 7 14 12 0 
8 5 14 11 0 
9 0 7 10 0 
10 0 8 7 0 
11 0 8 3 0 
12 0 6 11 0 
13 0 5 19 0 
14 0 12 21 1 
15 0 13 21 1 
16 0 6 21 7 
17 0 8 21 14 
18 4 0 20 0 
19 4 2 21 1 
20 0 0 13 1 
21 0 0 11 16 
22 0 4 21 4 
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Table 5. Hybrid, planting dates and, yield, potential for 1963-
1964 experimental sites 
Yield potential 
Year Site Hybrid Planting date bu,/A x 10~1 
1963 
1964 
1 P.A.G. 62 May 9 10.7 
2 Crow's 402 7 11.1 
3 DeKalb 415A 7 11.6 
4 Trojan F105 17 11.1 
5 Cornelius C42 8 12.0 
6 Pioneer 3618 14 12.0 
7 Lynk's No. 30 14 12.0 
8 Pioneer 3481 22 12.0 
9 HoIden 228H 7 11.2 
10 Pioneer 3206 3 12.2 
11 Pfister 418 5 12.4 
12 McAllister 13A 7 12.7 
13 AES 704 14 11.8 
14 Funk 75A 20 11.2 
15 Funk 7 5A 16 11.2 
16 Pioneer 371 9 10.8 
17 Funk G17 8 10.8 
18 Pioneer 354 14 11.3 
19 Funk G75A 14 11.3 
20 Crow's 722 12 12.2 
21 Funk 72 22 12.2 
22 8 12.0 
50 
C. Evaluation of Check Plot Yields 
The results discussed in a previous section indicate that 
plots within an experimental site are heterogeneous with regard 
to the soil factors measured. It is therefore expected, that a 
differential yield, response may result from this inherent vari­
ability. To substantiate this fact, the effects of initial 
soil fertility as well as other environmental factors on corn 
yields of check plots were investigated. 
First, simple graphical techniques were used to determine 
whether a relationship between each variable and check yields 
existed. Secondly, simple correlation coefficients were com­
puted. The results of the simple correlation analyses are given 
in Table 6.- The symbols used in Table 6 and hereafter in the 
text refer to the following variables. Soil nitrogen, phospho­
rus, potassium and pH are denoted, as n, p, k and a, respective­
ly. Subsoil soil tests values are denoted by ng, pg, kg and. a. 
The management variates stand, time of planting and yield po­
tential are denoted as S, T and y, respectively. The climatic 
variates D]_, D2, D3 and refer to stress periods 1, 2, 3 and. 
k, respectfully. 
The investigation of the effect of environmental variables 
on check plot yields was extended, to multiple regression 
analyses. Beginning with the regression equation Y = f (n, p, 
k, a, ng, Pg J kg, ag, S, T, y, » ^2' ^3' ^ 4 ' ^ 5 P 7 k , a , 
S^, np, nk, na, pa, ny, D^D2, DgDg, D^D^), the sum of squares 
due to regression was calculated. These independent variables 
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Table 6. The relationship between corn yields on check plot 
and various environmental factors as determined, by 
simple correlation analyses 
Variate Correlation 
coefficient (r) 
n .21** 
P .38*** 
k -.11 
a .40*** 
ns .11 
Ps .23** 
kg -.13 
as .05 
S .13 
T .17 
y .15 
Dl .25** 
D2 -.10 
D3 -.33*"* 
D4 -.39""" 
n2 .19 
p2 .36""* 
k2 
-.18 
a2 .36*** 
S2 .11 
np .35*** 
nk .01 
na .44*** 
pa .i+6 
ny .26** 
01^2 .21** 
D2D3 -.31*** 
D3D4 -.34*** 
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were chosen on the basis of the correlation coefficients given 
in Table 6 and also on the basis of results reported by Vos s 
(1962). The above equation was considered the full regression 
equation resulting in the maximum sums of squares attributable 
to these 28 independent variables. The full regression model, 
partial regression coefficients, standard errors and t-tests 
are given in Table 7. 
Reduced regression models were computed by deleting vari­
ables from the full-regression model. By subtracting the 
regression sum of squares for the reduced models from the re­
gression sum of squares for the full model, the sums of squares 
due to the various soil, climatic and management factors was 
determined. The results of this procedure are reported in 
Table 8. 
The results of Table 8 show that the linear and quadratic 
soil terms in the check yield regression equation explain a 
significant proportion of the regression sum of squares. The 
F-test is significant at the 0.05 level of probability. The 
soil interaction terms, including the ny variate is significant 
at the 0.25 probability level. The subsoil variates did not 
attain significance, however, the jt-test for kg in the full re­
gression model was significant at the 0.25 probability level. 
The climatic and management variables showed significance at 
the 0.05 probability level. 
The effect of each variate on check plot yields may be 
evaluated by taking the first partial derivative of the full 
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Table 7. Yield of corn on check plots as a function of en­
vironmental factors 
Variate, Y =  bo  + ZbiXi 
Xi 393.0216^ t 
n - . 4663  - . 1372  
P 1.7318 1 .3063++  
k .5086 2 .5312**  
a 14.4909 . 5646  
^s .4297 . 4548  
Ps .1649 .5128 
kg -.1219 -1.3745++ 
^s 4.8780 .4857 
S 45.6670 3.9435 
T 1.7164 3 .5788***  
y  - . 7996  - . 0423  
Dl  -9 .0199  1 .8489*  
D2  2.4268 1 .1976+  
D3  .9110 .4980 
% -6 .7296  -3 .0287"""  
n2 . 0037  . 4699  
-.0064 -.5113 
k2 
-.0009 -2 .7348***  
a2 10.1359 . 9298  
S2 
-1.4600 -3.8104 
np - . 0049  - . 3789  
nk -.0006 -.3244 
na . 2736  .7890 
pa -1 .1099  -2 .6445***  
ny  .0257  . 0850  
°1°2 .6414 1.7141* 
D2D3 - . 2743  1 .6260*  
.3419 2 .016**  
r2 = 
. 7188  
^his is b^, the constant in the regression equation. 
Table 8. Calculated, sums of squares attributed to various soil, climatic and 
management factors for yield, of corn on check plots 
Degrees of Sum of 
Variates Source of variation freedom squares Mean square F 
Full model Due to regression 28  32 ,483 .  58  1160. 13 5. 39***  
n, p, k, a, 
n2, p2, k^, a^ Due to regression 8 4,316. 59 539. 57 2. 51**  
np, nk, na, 
ny  
pa. 
Due to regression 5 1,845. 56 369 .  10 1. 71+ 
^s' Ps' ^ S  ' as  Due to regression 4 427 .  83 106. 98  • 50 
Dl, ^2, D3, 04 Due to regression 4 1,647. 47 411. 88  1. 91+ 
D1D2, D2D3, D3D4 Due to regression 3 3,098. 20 1032 .  73 4. 79*** 
T, y, ny Due to regression 3 2,845. 81 948. 60 4. 40***  
Full model Residual 59 12 ,708 .  55 215 .  40 
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regression model with respect to the factor being evaluated. 
The effect of n on the corn check plot yields was to cause a 
decrease in yield, at a decreasing rate. Evaluating the first 
partial equation at the mean value of other variables shows 
that the effect of soil N will be positive at hi pp2m or greater 
of nitrifiable N. The effect of p and. k, evaluated at the mean 
value of other factors, was to increase yield at a decreasing 
rate. Both the linear and. quadratic a coefficents for pH (a) 
were positive; however, it must be remembered, that the pH values 
were coded around pH 6. The effect of pH was to increase yields 
at pH values above 5.94. Yields increased, with increasing plant 
population, but at a decreasing rate. The effect of yield, po­
tential was to reduce yields at low levels of n. An increase 
in soil N above 31 pp2m would result in higher yields with 
varieties of higher yield, potentials. 
The effect of climate was evaluated, by considering only 
the linear effectr of stress days in each growth period plus the 
interaction of the stress days in each period with the stress 
days in the following growth period. Evaluating the first 
partial equations, at the mean value of other factors, indicate 
that the effect of a stress day in each period was to reduce 
yield. 
Considering the results of Tables 7 and. 8, it was concluded, 
that the 28 environmental variables adequately described the 
variation in yields of corn from check plots. Approximately 
72% of the variation was explained, by these variables. The data 
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in Table 7 indicate that the subsoil soil test values con­
tributed. little to the regression sum of squares and. could, 
therefore be deleted in this part of the study. Deleting these 
4 variables resulted in an r2 of 0.7093 as compared to an of 
0.7188 for the full regression model. However, these variables 
will be considered when evaluating the effect of applied. N, P 
and. K as it is logical to assume that an interaction between 
these soil variables and. applied, fertilizer variables may exist. 
D. Response of Corn to Applied. N, P and K 
The response of corn to applied fertilizer varied, con­
siderably among site-years. Observed yields for the 22 experi­
ments are given in Table 20 in the Appendix. Generally corn 
yields were highest in the east central and. southeastern 
sections of Iowa, probably because of a more favorable moisture 
supply. 
An analysis of variance was calculated, for each of the 
experimental sites and. reported, in Table 9. Significant 
treatment differences were noted, in 17 of the 22 experiments. 
Adjusting yields for differences in plant population by analysis 
of covariance caused significant treatment differences to be 
measured at sites 4, 16 and 17. Significant replicate differ­
ences were noted in 16 of the 22 sites and it is assumed these 
differences were due to differences in soil fertility.. 
Each of the experiments conducted supplies information 
about the effectiveness of applied, fertilizer at one location 
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Table 9. Analysis of variance for corn yields for each site-
year of data 
Source of Degrees of Mean 
Year Site variations freedom square 
1 Replicate 1 797 .89***  
Treatment 23 76 .99*  
Error 23 43 .81  
2 Replicate 1 226 .64***  
Treatment 23 136 .16**  
Error 23 65.00 
3 Replicate 1 317 .24***  
Treatment 23 386 .63***  
Error 23 101.76 
4 Replicate 1 1168 .20***  
Treatment 23 186 .80  
Error 23  188.52 
5 Replicate 1 676 .45***  
Treatment 23 381 .92***  
Error 23 64.25 
6 Replicate 1 134.00 
Treatment 23 280 .31+  
Error 23 186.15 
7 Replicate 1 476 .27***  
Treatment 23 401 .18***  
Error 23 82.45 
8 Replicate 1 22.82 , 
Treatment 23  87 .02  
Error 23 98.53 
9 Replicate 1 448.96*** 
Treatment 23 158 .23**  
Error 23 64.65 
10 Replicate 1 0 .10  
Treatment 23 124 .32*  
Error 23 69 .89  
58 
Table 9 (Continued) 
Source of Degrees of Mean 
Year Site variations freedom square 
1963 
1964  
11 Replicate 1 30 .40  
Treatment 23  188 .80**  
Error 23 89.47 
12 Replicate 1 96 .62**  
Treatment 23 82 .97**  
Error 23 32.11 
13 Replicate 1 161 .70**  
Treatment 23 801.74"" 
Error 23  57.05 
14 Replicate 1 113 .16+  
Treatment 23 94 .97+  
Error 23 66 .05  
15 Replicate 1 182 .52**  
Treatment 23 133 .34+  
Error 23 89.50 
16 Replicate 1 385 .33**  
Treatment 23 49.32 
Error 23 92 .66  
17 Replicate 1 65.57 
Treatment 23 144.30 
Error 23 212.05 
18 Replicate 1 10 .80  
Treatment 23 123 .61+  
Error 23 91.15 
19 Replicate 1 
«J" 
172 .90*"  
Treatment 23  89.27 
Error 23 72.03 
20 Replicate 1 207 .08**  
Treatment 23 320 .64**  
Error 23 79 .52  
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Table 9 (Continued) 
Year Site 
Source of 
variations 
Degrees of 
freedom 
Mean 
square 
1964 21 Replicate 
Treatment 
Error 
1 
23 
23 
176 .33*  
550 .42"""  
93 .22  
22  Replicate 
Treatment 
Error 
1 
23 
23 
295.51 
39 .26  
46 .43  
under one climatic condition. More often than not, it is de­
sirable to know if treatments were equally effective in in­
creasing yields at more than one location. Consequently, the 
experiments were conducted, at several different locations in 
order to better assess the response of corn to fertilizer 
treatments under a variety of climatic conditions. Information 
regarding treatment differences at several locations may be 
obtained by combining experiments and testing the treatment by 
location interaction. The combined analysis of variance for 
experiments conducted in 1963 and 1964 are reported in Tables 
10 and 11, respectively. 
The null hypothesis that there are no differences in 
treatments at several locations is tested by dividing the 
treatment by sites interaction by the pooled error. The F test 
was significant at the 1 percent level. However, the experi­
mental error variances for the 1963 experiments were found, to 
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Table 10. Combined analysis of variance for 1963 corn yield 
data 
Degrees of 
Sources of variation freedom Mean squares 
Site (S) 12 18,492. 19"""  
Treatment/sites 299  253. 27 
Treatment (T) 23 1,154. 38*** 
T X S 276  168. 42*  
Replicate/sites 13 350. 56 
Replicates (R) 1 1. 02 
R X S 12 155. 54 
Error 299  91. 25 
Table 11. Combined analysis of variance for 1964 corn yield 
data 
Degrees of 
Sources of variation freedom Mean squares 
Site (S) 8 19,980. , 60*  
Treatment/sites 207 171. 52 
Treatment (T) 23 374. . 56T  
T X S 184 146. ,14^ 
Replicate/sites 9 178. 80 
Replicate (R)  1 375. . 76*  
R X S 8 154. 30 
Error 207  93. .63 
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be heterogeneous by Bartlett's test (Snedecor, 1959). According 
to Cochran and Cox (1957) the test of significance can be per­
formed using (t-1) and n degrees of freedom, when t is the 
number of treatments and n is the error degrees of freedom in 
the experiment with the highest error variance. The calculated 
F with 23 and 23 degrees of freedom was significant at the 0.10 
probability level. Therefore, the true significance level of F 
lies between 0.01 and 0.10. It is concluded that the treatment 
by site interaction is significant and the null hypothesis is 
rejected. The treatment mean square was tested against the 
treatment by site interaction and was found to be significant 
at the 1% level. 
The experimental error variances were found to be homo­
geneous for the 1964 experiments. The treatment by site inter­
action and treatment mean squares were significant at the 1% 
level. Thus, the information gained from these analyses 
indicates that treatment differences were significant, but the 
differences varied from location to location. This would indi­
cate that climatic and management factors and the interaction 
of these factors with applied fertilizer significantly affect 
corn yields. Similar results have been reported by Voss (1962). 
In order to ascertain more fully the effects due to applied 
fertilizer elements, a multiple regression analysis for each 
experiment was performed using grain yield as the dependent 
variable and linear, quadratic and linear by linear interaction 
terms as independent variables. The partial regression 
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coefficients for the various terms, their significance and the 
-value for each experiment are given in Table 12. 
The linear coefficients for applied N were positive and 
significant in 8 of 13 experiments conducted in 1963. In ex­
periment 10 the linear N coefficient was negative and signifi­
cant. The quadratic N coefficient was positive and significant. 
In all other experiments the response of corn to applied N 
increased at a decreasing rate as signified by the negative 
quadratic N coefficient. The response to applied P was positive 
in 9 of the 13 1963 experiments. In only 3 of the experiments 
did the linear P coefficient attain significance. Corn yields 
increased with increasing amounts of applied P at a decreasing 
rate in most instances. In experiment 12 both the linear and 
quadratic P coefficients were positive. The response to applied 
K was less consistent in comparison to applied N and P. Seven 
of 13 1963 experiments showed negative linear K coefficients of 
which 2 were significant at the 0.20 probability level. In all 
of the experiments, the soil test value for potassium was rated 
as medium or high by the Iowa State Soil Testing Laboratory. 
Under this condition significant response to applied K would 
not be expected especially at low levels of applied K. In the 
experiments in which a negative linear K coefficient was ob­
served, the quadratic K coefficient was positive, indicating 
that the negative response of corn to applied K lessened as the 
rate of applied K increased. 
In general, the response of corn to applied N in 1964 was 
Table 12„ Regression coefficients and R^-values obtained by fitting the yield 
equation Y = Bq + B]_N + BgP + B3K + B^N? + BgP2 + + ByNP + BgNK + 
BgPK for each of the experimental sites 
Vari-
Year ates 
Sites 
1963 ^o 
N 
P 
p2 
k2 
NP 
NK 
PK 
93.9806 
0.7849 
0.8530 
-2.1210 
-0.0393 
-0.1432 
0.2490 
0.0199 
0.0074 
0.0779 
81.5939 
1.0491 
2.7084+ 
-0.2078 
-0.0109 
-0.4014++ 
0.0033 
-0.0424 
-0.0176 
0.1403 
79.8644 
0.6471 
2.6667+ 
2.3457 
-0.0224 
-0.1646 
-0.4443++ 
0.1265++ 
0.0611 
0.1507 
99.3839 
2.1181++ 
4.5675++ 
-4.8627++ 
-0.0880 
-0.5674++ 
0.4232+ 
-0.0571 
0.0326 
0.3041++ 
94.3075 
4.4006** 
0.4778 
-0.9284 
-0.1431** 
-0.1757 
0.1259 
-0.0054 
-0.0401 
0.1445+ 
114.5897 
2.5149++ 
-0.1764 
-2.0037 
-0.9500 
-0.0331 
0.3825 
0.0283 
0.0007 
-0.1923 
0 . 0 8  0.27 0.59 0.24 0.68 0 .26  
10 11 12 
N° 
P 
NP 
NK 
PK 
R 
106.3742 144.6615 136.3644 139.3460 128.9470 125.9714 
4.3346^ 0.3494 2.8192*** -1.3609++ 1.9299++ 1.6259* 
-2.2347 0.6632 -0.0420 1.5792 1.4908 0.3676 
-1.6961 0.8440 0.3521 0.1646 -3.3620++ 1.2878 
-0.1920 -0.1200 -0.1138*** 0.1278** -0.0633 -0.0808* 
0.2256 -0.0017 -0.1126 -0.3372++ -0.2203 0.0782 
0.1303 -0.0251 -0.0033 0.0158 0.3156+ -0.0030 
0.0819+ 0.0507 -0.0012 -0.0846++ -0.0181 -0.0629+ 
0.0831+ -0.0672 -0.0230 -0.0222 0.0263 -0.0444 
-0.0661 -0.2335++ -0.0455 0.1606+ 0.0694 -0.0174 
0.62 0.16 0.46 0.34 0.28 0.30 
Table 12 (Continued) 
Year 
Vari­
âtes 
Sites 
13 Year 14 15 16 17 
1963 
N° 
P 
:2  
NP 
NK 
PK 
84.0209 1964 98.4734 77.5773 127.4409 92.9940 
6.5785*** 0.2611 1.1412 0.8017 1.1329 
-1.9178+ -0.05654 -0.1357 -2.1801+ -0.2549 
0.5302 -0.8937 -1.1064 -0.8721 5.1916* 
-0.2279 -0.0220 -0.0929++ -0.0378 -0.0570 
0.0510 -0.0473 -0.1249 0.1082 0.0359 
0.0760 -0.1583 0.1501 -0.0246 -0.5032 
0.0974* -0.0458 0.1356* 0.0551 0.0465 
-0.0776++ 0.0746+ -0.1131++ 0.0409 0.0051 
-0.0200 0.1846++ 0.1879+ 0.1843++ -0.2541 
0.90 0.19 0.25 0.22 0.22 
18 
1964 bo 121.8894 
N 1.9415* 
P 0.0831 
K_ 3.7676* 
-0.0904++ 
P'i 0.1291 
K2 
-0.3819 
NP -0.0509 
NK 0.0403 
PK -0.0843 
R^ 0.36 
19 
108.8652 
-0.7553 
-0.6909 
1.8706 
0.0702++ 
0.0154 
-0.2081 
0.0982^' 
-0.1699" ' 
0.1783++ 
0.35 
20 
116.7019 
3.8276*** 
-1.5531 
-0.4067 
-0.1635*** 
0.0742 
0.0633 
0.0640 
0.0513 
0.1365 
0.66 
21 
71.8767 
0.8836 
8.9002*** 
-0.8603 
-0.0985++ 
-1.0674*** 
0.1654 
0.3533*** 
-0.0219 
0.0628 
0.77 
22 
94.6925 
0.0884 
0.4612 
-0.8531 
-0.0133 
-0.0675 
0.1872 
0.0592+ 
0.0227 
-0.0796 
0.14 
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positive and in only 2 experiments did. the linear N coefficient 
attain significance. A negative quadratic N coefficient was 
associated with the positive linear N coefficients indicating 
a decreasing rate of response with increasing amounts of N. 
The response to P in 1964 was erratic and generally negative. 
In experiments 14 and 15 both the linear and quadratic P coef­
ficients were negative indicating a decreasing response to 
applied. P with increasing rates of P. This phenomenon is 
difficult to resolve in view of the fact that soil test values 
for P were low in both experiments. However, a highly signifi­
cant response to applied. P was noted in experiment 21 in which 
the soil test value of P was low. The linear coefficients for 
applied. K were negative but nonsignificant in 6 of 9 experiments 
in 1964, In experiments 17 and. 18 the linear K coefficients 
were positive and. significant. In these 2 experiments the rate 
of response to K decreased, with higher levels of applied. K. 
The effects of the NP, NK and. PK interactions varied, in 
both the 1963 and. 1964 experiments. Generally, the interaction 
terms were nonsignificant, therefore no attempt will be made to 
explain them. The R^-values ranged, from 0.08 to 0.90 in 1963 
and from 0.14 to 0.77 in 1964. These values indicate that in 
most instances factors other than applied fertilizer are causing 
yield, variation. The significant treatment by site interactions 
in the 1963 and 1964 combined analyses of variance indicate that 
the interaction of controlled and uncontrolled factors were re­
sponsible for a significant proportion of the variation in corn 
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yields, therefore, the incorporation of linear by linear and 
linear by quadratic controlled and uncontrolled variables into 
a multiple regression equation should result in a significant 
increase in the r2-valueso The significance of certain uncon­
trolled. factors in affecting corn check plot yields were dis­
cussed. in a previous section. 
The evaluation of corn yield response to applied N, P and 
K was extended to include the effects of uncontrolled soil, 
climatic and management factors. The significance of these 
uncontrolled environmental factors was measured by the technique 
used in evaluating the factors affecting check plot yields. 
Since there are large numbers of variables involved, they will 
be referred to as fertilizer, soil, climatic and management 
variables in the following discussion. The variables corres­
ponding to each of these groups are given in Table 13. 
A series of multivariate regressions were systematically 
computed in order that the sums of squares attributable to one 
or more variates could be calculated. The variates used in 
each regression equation are listed, in Table 14. The first 
equation was calculated by regressing corn yields (Y) as a 
function of the fertilizer variables, the soil variables oc­
curring on a plot basis and replicate and site dummy variables. 
Dummy variables allow the effects of replicate and location 
differences to be manifested, and. thereby allow the variation 
due to replicates and location to be removed from the residual 
sum of squares. Quantification of the replicate and location 
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Table 13. Fertilizer, soil, climatic and management linear, 
quadratic and interaction terms 
Source Variables 
Fertilizer N, P, K, N2, P2,  K2, NP, NK, PK 
Soil plot n, p, k ,  a, n2, p2, k^, a^, np, 
nk, na, pa 
Soil replicate ^S'  Ps' kg, ag 
Climatic Di, D2, , D^D2, D2D2, DgD^ 
Management plot S ,  S2  
Management site T, y 
Fertilizer x soil nN, pN, pP, kN, kK, aN, aP, nN2 
pp2, aN2, aP2,  pgP, kgK 
Fertilizer x climate D^N, DgN, D3N, Dj_N2, DgNZ, D3N2 
Fertilizer x management TN, Tn2, yN, yP, SN, Sn2 
Soil X management ny 
effects was attempted. Regression 1 was considered as the one 
in which the maximum sum of squares could be explained by the 
variates chosen. An -value of 0.8457 was obtained, signifying 
that approximately 85% of the variation in corn yields were 
accounted for. The 15% of the variation unaccounted for is 
presumably due to various sources of experimental error. The 
regression analyses are reported in the Appendix in Table 19. 
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Table 14. Multivariate regression equations used, to evaluate 
the effects of uncontrolled environmental factors on 
the response of corn to applied N, P and K 
Regression 
number Regression variates 
Y = f (N, P, K, n, p, k, a, S, n2, p2 ,  k2,  n2, 
p2, k2, a2, S2, riN, pN, pP, kN, kK, aN, aP, 
np, nk, na, pa, SN, NP, NK, PK, nN2, pp2, 
aN2, aP^ , SN2 , L]^ , L2, ... , 2^1' 1^' ' 2^2^  
Y = f (N, P, K, n, p, k, a, S, n2, p2, k2, n2, 
p2, k2, a2, S2, nN, pN, pP, kN, kK, aN, aP, 
np, nk, na, pa, SN, NP, NK, PK, nN2, pP2, 
3^2, aP2, SN2, L3_, L2, Lgi) 
Y = f (N, P, K, n, p, k, a, S, n2, p2 ^ k2, n2, 
p2, k2, a2, S2, nN, pN, pP, kN, kK, aN, aP, 
np, nk, na, pa, SN, NP, NK, PK, nN|2, pp2, 
aN2, aP2, SN2) 
Y = f (N, P, K, n, p, k, a, S, n2, p2, k2, n2, 
p2, k2, a2, s2, nN, pN, pP, kN, kK, aJSt, aP, 
np, nk, na, pa, SN, Np, NK, PK, nN2, pp2, 
aN2 , aP 2, SN2, L]_, L2 , « • • , L2 % 7 ^s? Ps' kg, 
^s ' Ps^ ' ^ 8^) 
Y = f (N, P, K, n, p, k, a, S, n2, p2, k2, n2, 
p2, k2, a2, s2, nN, pN, pP, kN, kK, aN, aP, 
np, nk, na, pa, SN, NP, NK, PK, nN2, pp2, 
aN2, aP2, Sn2, T, y, D^, D^, D3, D^, D^Dg, 
D2D3, D3D4, D]_N, D2N, D3N, D^N2, D2N2, D3N2, 
TN, Tn2 , yN, yP , ny) 
Y = f (fertilizer variables, soil variables, 
climatic variables, management variables, 
fertilizer x soil, fertilizer x climate, 
fertilizer x management, soil x management) 
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Table 14 (Continued) 
Regression 
number Regression variates 
7 Y = f (N, P, K, n, p, k, pH, S, 
Rgg ,  N2 ,  P2 ,  K2 ,  n2 ,  p2 ,  k2 ,  S2 ,  
np, nk, na, pa, SN, NP, NK, PK, SN^) 
8 Y = f (N, P, K, n, p, k, pH, S, L]_, .L21, 
R^,  R22 ,  ^2 ,  p2 ,  K2 ,  n2 ,  p2 ,  k2 ,  po f ,  
S2, SN, NP, NK, PK, SN?) 
9 Y = f (N, P, K, S, L^, , L21, R]_, ..., R22, 
N2, p2, K2, S2, SN, NP, NK, PK, SN^) 
10 Y = f (N, P, K, n, p, k, Li, ..., L21, Ri, ..., 
R22, n2, p2, k2, n2, p2, k2, a2, NP, NK, PK) 
11 Y = f (N, P, K, n, p, k, a, ng, Pg, kg, ag, D^, 
D2, Dg, D4, N2, p2, K2, n2, p2, k2, pHf, s2, 
nN, pN, pP, kN, kK, aN, aP, np, nk, na, pa, 
kgK, PgP, SN, D]_N, D2N, D3N, Dj_n2, D2N2, 
t2 md Mif pv n_n_ n_n n n. -^ 7^2 t-.p2 DgN^, NP, NK, PK, D^D2, DgD^, D^D^, nN^, pP^, 
aN^, ap2, SN2) 
12 Y = f (N, P, K, n, p, k, a, ng, Pg, kg, S, T, y, 
Di ,  D2 ,  D 3 ,  D4,  N2 ,  p2 ,  K2 ,  n2 ,  p2 ,  k2 ,  S2 ,  
nN, pP, kN, aN, nk, na, pa, PgP, kgK, TN, 
yN, SN, D3N, NP, PK, D^D2, DgDg, D3D4, D3N2) 
L]_, ..., 1^21 refer to dummy site variables 
R^^, ..., R22 refer to dummy replicate variables 
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The regression sum of squares due to soil, climatic and manage­
ment variables and their interaction with the fertilizer vari­
ables are reported, in Table 15. 
The data of Table 15 shows that some success was achieved 
in characterizing replicate and location factors that affect 
corn yield response to applied N, P and K. Substituting ng, 
Ps, kg, ag, PgP, and kgK for the replicate dummy variables, 
approximately one third of the maximum replicate sum of squares 
was accounted for. Using 20 variables to characterize lo­
cations, approximately two thirds of the maximum location sum 
of squares was accounted for. The sum of squares explained by 
both the measured replicate and location variables were signifi­
cant at the 1% level. 
A regression equation omitting the replicate and location 
dummy variables and using all of the variables listed in Table 
13 was computed. The r2-value was 0.7403, a decrease of 
approximately 10% in the amount of variation explained as com­
pared to regression equation 1. This indicates a more complete 
characterization of soil, climate and management factors are 
needed. However, the measurements used in this study were 
generally significant in accounting for yield variation. Look­
ing at the sum of squares in Table 15, the sum of squares 
attributed to the soil by fertilizer interactions are signifi­
cant at the 1% level. The linear by linear soil test inter­
actions were significant at the 0.25 probability level, while 
the linear and. quadratic soil test terms failed to gain 
Table 15. Sum of squares and tests of significance for factors affecting the 
response of corn to applied N, P and K 
d.f. for 
Number of d. f. due Error error 
regressions to SS for the mean mean Variables for which 
compared difference difference square square sum of squares stand F 
1-2 22 3763.94 91.60 976 Replicates 1.87""" 
4-2 6 1235.37 92.67 992 Nsj Psj kg, as, PsP 2.22*** 
kgK 
1-4 16 2527.57 91.60 976 Residual from 1 72*** 
replicates 
1-3 21 128756.62 91.60 976 Locations 66.94*** 
5-3 20 86679.48 134.57 977 T, y, D2, D3, 32.21*** 
D^Dg, D2D3, DgD^, 
D]_N, D2N, D3N, D3_N2, 
D2N2, TN, TN2, yN, YP 
yti 
1-5 1 42077.14 91.60 976 Residual from 459.36 
locations 
1-7 11 5890.83 91.60 976 nN, pN, pP, kN, kK, 5.87 
aN, aP, nN^, pp2^ 
aN2, aP2 
7-8 4 545.75 96.55 987 np, nk, na, pa 1.41+ 
Table 15 (Continued.) 
d.fo for 
Number of d, f 0 due Error error 
regressions to SS for the mean mean Variables for which 
compared. difference difference square square sum of squares stand F 
8-9  8 531.58 96.71 991 n, p, k, a, n^, p2, 
k^ , a^ 
0
 
1—1 I 0
0 
4 31339 .33  96.71 991 S, S2, SN, SN2 81 .01***  
6-11 7 13337.75 151.57 993  T, y, TN,  Tn2, yN,  12.57*** 
yP ,  ny 
6-13 13 71737.78 151.57 993 Dl, D2, D3, D4, 36 .40***  
D1D2, D2D3, DgD^, 
D^N, DgN, D3N, 
D^N^, DgN^, DgN^ 
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significance. However, in regression equation 6, the partial 
regression coefficients for the linear and quadratic n, p and k 
terms exhibited a t-test value greater than 1. The management 
factors S, T and y and their interactions with applied N were 
highly significant. The climatic and management variables used 
to characterize locations were highly significant at the 1% 
probability level. 
Regression equation 6, containing 62 variables, is given 
in Table 16. This equation was highly significant at the 0.01 
probability level and attained an R^-value of 0.7403, i.e., 74 
percent of the variation in corn plot yields was accounted for 
by this equation. Deleting 18 of the variables with a t^test 
of less than 1 did not significantly reduce the R^-value. The 
final yield equation, reported in Table 17, contained 44 vari­
ables with an R^-value of 0.7391. Voss (1962) reported an Re­
value of 0.599 with 30 fertilizer, soil, climate and management 
variables. 
Regression equation 6 was used to evaluate the effects of 
the uncontrolled variates on the yield response to applied N, 
P and K. Although some of the higher order terms did not 
attain significance on the basis of the criteria chosen, the 
partial regression coefficients for these terms are the best 
available for the data and should allow for a better character­
ization of effects. However, regression 12, the final yield 
equation, will be used for predictive purposes. 
The effect of applied N and P was to increase grain yields 
7 k  
Table 16. Regression equation 6 relating corn yields from all 
plots to soil, climatic and management factors 
^ Equation 
V-ariate, Y = + (biXi 
Xi bi t 
-161 .9727% 
N +1.5207 0.505 
P +2 .9940  1 .762*  
K -0.7303 0.652 
n +0.3707 1 .096+  
P +0 .2494  1 .039+  
k +0.1431 3 .174***  
a +3.9633 0.665 
Tis +0.4681 2 .078**  
Ps +0.0768 0.785 
ks -0.0548 1 .975**  
^s +1.0388 0.468 
S +19 .0285  8 .935***  
T +1.2053 7 .123***  
y +.9923 0.536 
Dl -10.0505 8 .885***  
D2 +4.1975 8 .693***  
D3 +2 .2239  5 .450***  
% -5.5222 11 .372***  
n2 
-0.0098 0 .054  
p2 
-0.1942 1 .222++  
K2 +0.0103 0.146 
n2 
-0 .0034  2 .991» ."  
p' +0.0073 3 .173***  
-0.0004 5 .087***  
a2 +0.5882 0.251 
s2 
-0.5841 8 .262***  
^This is bçj, the regression constant. 
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Table 16 (Continued) 
Equation 
Variate, Y = +fbiXi 
Xi bi 
NP +0.0231 1.194+ 
NK -0.0105 0.541 
PK +0.0451 1 .168+  
np -0.0007 0.246 
nk +0.0005 1.520++ 
na +0.3682 4 .980***  
pa +0.4611 5 .193***  
nN -0.0093 0.546 
pN +0.0023 0.318 
pP -0.0675 1.512++ 
kN -0 .0033  3 .686***  
kK -0.0040 2 .438**  
aN -0 .7018  1.045+ 
aP -0.1130 0.091 
PsP  -0.0212 1 .203+  
kgK +0.1324 2 .546**  
TN -0.0210 0.475 
yN -0.0143 0.166 
yP +0.0556 0.714 
SN +0.2258 1 .703*  
D]_N -0.0553 0 .446  
DgN -0.0037 0 .071  
D3N -0 .0595  1.237++ 
D1D2 +0.7825 9 .420"""  
-0 .4156  11 .430***  
D3D4 +0.2299 7 .028***  
ny -0 .0019  0.069 
TN^ -0 .0010  0 .388  
nN^ +0.0006 0.595 
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Table 16 (Continued) 
Equation 
Variate, Y = b^ + ZbiXi 
Xi bi 
pp2  +0 .0033  0.615 
aN^ +0 .0128  0.315 
ap2 +0.152 0 .101 
SN2 -0 .0068 0 .838 
D]^N2 +0.0051 0.681 
DgN^ -0.0005 -0.168 
+0.0038 1 .303++ 
= . 7403  
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Table 17. Final yield equation, regression equation 12, relat­
ing corn yield to controlled and uncontrolled factors 
of production 
Equation 
Variate, Y = b^ + (biXi 
Xi bi t 
-167.3202* 
N +2.9870 2.95i' 
P +2.2295 1.82* 
K -0.1745 0.25 
n +0.3568 2.66*** 
P +0.2133 1.27++ 
k +0.1444 3.33*** 
a +4.1358 0.81 
Hs +0.4631 2.17** 
Ps +0.0719 0.76 
kg -0.0535 2.01** 
S +19.1978 9.21*** 
T +1.2493 8.69""" 
y +1.0096 2.44** 
Dl -10.1529 
0
 
0
 
I—1 
D2 +4.2397 11.13*** 
D3 +2.3345 7.12*** 
% -5.4686 11.78*** 
N 2  
-0.1060 2.78*** 
P 2  
-0.1038 1.48++ 
+0.0110 0.16 
n2 
-0.0036 3.27""" 
p 2  +0.0071 3.20*** 
k2 
-0.0004 5.19*** 
S 2  
-0.5848 8.40*** 
nN -0.0014 0.31 
^This is bg, the regression constant. 
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Table 17 (Continued) 
^ Equation 
Variate, Y = bo + KbiXi 
Xi bi t 
pp 
-0 .0403  3 .23***  
kN -0 .0033  4 .03***  
kK -0 .0042  2 .57 '  
aN -0 .4288  2 .63***  
nk +0.0006 1 .75*  
na +0 .3554  5 .13***  
pa -0 .4632  5 .42***  
Ps^ -0 .0209  1 .26+  
kgK +0 .0138  2 .69***  
TN -0 .0375  2 .99***  
yN -0 .0109  0 .13  
SN +0.1245 3 .59***  
DgN -0 .0479  1.15+ 
NP +0.0221 1.16+ 
PK +0 .0496  1.13+ 
°1°2 +0 .7905  10 .03***  
D2D3 -0 .4261  14 .69***  
D3D4 +0 .2254  7 .31"  
D3N2 +0 .0029  
+
 
1—1 1—1 
= .7391 
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at a decreasing rate. The Linear and quadratic partial re­
gression coefficients for applied K were negative and positive, 
respectfully. This indicates a decrease in yield, with increas­
ing amounts of K, but at a decreasing rate. There were positive 
and significant NP and PK interactions. The positive NP inter­
action indicates an increasing response to one or both elements 
with increasing amounts of one or both. The PK interaction 
indicates a lesser negative effect due to K at higher levels of 
P. Applied N interacted significantly with soil, climatic and 
management variables and P and K interacted significantly with 
soil variables. These significant interactions give added 
support to the contention that the effect of applied fertilizer 
nutrients can be evaluated fully only when the influence of the 
environment is considered. 
In order better to access the effect of applied N, P and 
K, the first partial derivative of yield with respect to these 
fertilizer variables was calculated. The first derivative, 
evaluated at various levels of the factors concerned, gives the 
rate of change of corn yield with respect to the respective 
fertilizer variable. The rate of change of yield equations for 
N, P and K using regression equation 6 are as follows: 
~ = 1.5207-0.0196N-0.0093n+0.0023p-0.0033K-0.7018a 
-0.0210T-0.0l43y+0.2258S-0.0553D^-0.0037D2-0.O595D3 
+O.O23IP-O.OI5OK-O.OO2OTN+O.OIO2D1N-O .OOIOD2N 
+0.OO76D3N+O.0012nN+0,0256a-0.01365N 
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@Y 
^ = 2.9940-0.3882P-0.0675p-0.1L30a-0.0212pg+0.0556y+ 
0.0231N+0.0451K+0.0066pP+0.030ifaP 
and. 
DY 
— = -0 .7303+0 .0206K-0 .0040k+0 .0132kg-0 .0105N+0 .0451P .  
The intercept value for the rate of change equation is the 
initial response to the first infinitesimal increment of the 
fertilizer variable. However, the uncontrolled, soil, climatic 
and. management variables interact with the fertilizer variables 
and cause the intercept of the rate of change equations to 
change. In the rate of change equation for N, the intercept is 
affected by n, p, k, a, T, y, s, D^, D2, D3, P and K. Simi­
larly, the slope of the rate of change line is affected, by n, 
a, S, D]_, D2, Dg and T. The intercept for P rate of change 
equation is changed by p, pH, Pg, y, N and K. Only p and a 
affect the slope. The intercept for K rate of change equation 
is affected by k, kg, N and P. The slope of the rate of change 
equation is constant. 
The specific effect of the variables affecting the response 
of corn to applied N, P and K can be determined, by observing 
the signs of the partial regression coefficients in the rate of 
change equations. In the rate of change equation for N, soil 
test N has a negative coefficient indicating the substitution 
of n for applied N. The positive nN interaction indicates that 
the rate of substitution of soil N for applied N lessens at 
higher levels of applied N. This effect is illustrated 
81 
graphically in Figure 2A where rate of change of yield is 
plotted against applied N at two levels of n. Low n is 50 pp2m 
and high n is 120 pp2m and all other factors are at their mean 
experimental values. The initial response to applied N is 
greater at the low level of soil N and the response at the low 
level of soil N decreases at a rate greater than that for the 
high level of soil N. The rate of change equation at the low 
level of n crosses zero at 130 pounds of applied N, indicating 
maximum yield. The rate of change equation for the high level 
of n does not cross zero within the applied N range used in 
this investigation. 
Increasing amounts of p resulted in an increased response 
to applied. N, while the effect of k was to cause a decrease in 
the response to applied N. The aN and aN^ coefficients were 
negative and positive, respectively, indicating that the effect 
of pH on the response to applied N was to decrease yields at a 
decreasing rate. The rate of change equation for applied N at 
two levels of soil pH is shown in Figure 2B. Low soil pH is 
5.75 and. high soil pH is 7.50. The initial response and rate 
of response to N at low pH value is greater than at high pH 
value. However, a maximum is reached, at approximately 92 pounds 
of N at the high pH value and at 135 pounds of N at the low pH 
value. A positive and highly significant na interaction was 
observed. Therefore it seems logical that at low pH values the 
n value would also be low and thereby the response to applied N 
would, be greater than at high pH values where n would, also be 
Figure 2. Rate of change equation of corn yield with respect 
to fertilizer N at two levels of soil N and soil a 
with all other factors at their mean experimental 
values 
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high. In other words, low pH values result in a lower nitri­
fication rate, therefore a greater response to applied N would 
be expected at a low pH value as soil N presumably would be low. 
The effect of stand was to increase the response to 
applied N, but at a decreasing rate. This is indicated by the 
positive SN and negative SN^ interactions. The yield potential 
also affected the response to nitrogen, although the effect was 
negative rather than positive. Presumably as the yield po­
tential increases, so would the response to applied N. It is 
difficult to single out the cause of the negative yN inter­
action from the data of this investigation. 
The effect of planting date on response to applied N is 
shown in Figure 3A. The TN and TN^ interactions are both nega­
tive, indicating that the later the planting date the smaller 
the response to applied N. Early planting date is May 5 and 
late planting date is May 22. The initial response to N was 
greater for the earlier planting date but the decrease in rate 
of response was greater than for the late planting date. 
The effect of stress days on response to applied N was 
noted in stress periods 1, 2 and 3. The linear by linear inter­
action of N with stress days in periods 1, 2 and 3 were nega­
tive, indicating that moisture stress resulted in decrease in N 
response and subsequent decrease in yield. The effect of stress 
days on nitrogen rate of change equation is graphically illus­
trated. in Figure 3B. Since yield response to N was negative as 
stress days increased in all 3 periods, the low stress rate of 
Figure 3. Rate of change equations of corn yield with respect 
to fertilizer N at two planting dates and. two levels 
of stress with all other factors at their mean ex­
perimental values 
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changé equation represents zero stress days in all periods and 
the high stress rate of change equation represents 1, 16 and 20 
stress days in periods 1, 2 and 3, respectively. The initial 
response to N as well as the rate of change was greater with 
zero stress days as compared to the equation with high stress 
days. Both equations cross zero at about 96 pounds of N, indi­
cating a maximum. However, under conditions of no stress, 
higher yields and a more efficient use of applied. N is indicated. 
Using regression equation 6, corn yields were calculated 
while varying the number of stress days over the range observed 
for periods 1, 2, 3 and 4. All other factors were maintained 
at their mean experimental value when predicting yield for a 
specific number of stress days in each of the 4 periods. The 
results are shown graphically in Figure 4. The effect of a 
stress day in any period was to reduce yields, however, the 
largest negative effect was noted in period Yield decreased 
4.34 bushels per acre for each stress day measured, A stress 
day in period. D2 reduced yields by 0.98 bushel per acre. This 
is a 28 day period prior to tasseling and comparable to the 
vegetative period reported by Denmead and Shaw (1960). These 
investigators reported a 25 percent reduction in yield when a 
total of 8 stress days were imposed during the vegetative 
period. A similar number of stress days in period D2 would 
have resulted in a 6 percent decrease. It is difficult to 
explain the results obtained for period Di[_ as both the plant 
consumption and potential évapotranspiration are low from 
Figure 4. Predicted yields for stress periods 1, 2, 3 and 
with all other factors at mean experimental value 
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planting to 5 weeks after planting. It is conceivable that the 
effect of a moisture deficiency during this stage would result 
in reduced plant size and subsequently would cause a yield 
reduction, but the magnitude found in this study is greater 
than expected. 
The effect of a stress day in period 3 was to reduce yield 
by 0.51 bushel per acre. This has been reported to be the most 
critical stage in the growing season. Period 3 corresponds to 
the 17 day silking stage of Denmead and Shaw (1960). They re­
ported a yield reduction of 50 percent when a total of 8 stress 
days were imposed. In period 3, when a maximum of 21 stress 
days occurred,-yields were reduced only 8 percent. It is 
possible that stress days during this period were overestimated. 
At this time during the growing season, roots are estimated, to 
have penetrated to a depth of 4 feet. A stress day in this 
study was defined as any day in which the available soil 
moisture in both the total corn root zone and the surface foot 
was depleted below the estimated tugor loss curve (Figure 1). 
It is possible that the corn crop rooted deeper than 4 feet at 
this stage in these years due to the general stress throughout 
the season which encouraged deep rooting. On this basis, a 
stress day was estimated, when in fact the plant may have been 
absorbing sufficient moisture from the subsoil to maintain 
turgidity. 
The occurrence of a stress day in period 4 resulted in a 
2.30 bushel decrease, Denmead and Shaw (1960) and Robins and 
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Domingo (1953) also reported yield reductions as a result of 
stress during this period. 
In the rate of change equation for applied P, the soil 
test values for p and subsoil P, pg, both showed negative coef­
ficients indicating substitution of soil P for applied P. The 
9 . 
pP interaction was positive indicating a decreasing rate of 
substitution. The effect of p. on the response of corn to 
applied P is shown in Figure 5B. The initial response to 
applied P was greater at low levels of p (15 pp2m) as compared 
to high soil p (45 pp2m). The response at the low soil P level 
decreased at a more rapid rate and did not reach a maximum 
within the range of applied P. The rate of change equation at 
the high level of soil P reached a maximum at approximately 56 
pounds per acre of applied P. 
The interaction between pH and applied P is negative, how­
ever, remember pH is coded around pH 6. At pH values less than 
6 the response to applied P would be greater than at a higher 
pH value. It is known that as a decreases iron and aluminum 
oxides become more soluble. The reaction of these oxides with 
soil P results in the formation of insoluble phosphates, thereby 
lowering the measured p. The application of a readily soluble 
source of P would generally result in a yield response. At low 
a values, it is postulated there is little substitution of soil 
p for applied P, therefore the initial response would be greater 
than for high soil p values. Figure 5B shows that at the high 
soil P level, the initial response of corn to applied P is less 
Figure 5. Rate of change equations of corn yield with respect 
to fertilizer P and K at two levels of p and two 
levels of k with all other factors at their mean 
experimental value 
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thai) for the Low level of soil P. The decrease in response is 
at a slower rate also. 
The rate of change equation for applied. K indicates that 
the initial response of corn to applied. K was negative. There 
was also a negative kK interaction, indicating substitution of 
soil K for applied K. This is not unexpected, as the mean value 
for k for all experiments was 234 pp2m. Two hundred. pp2m of 
available K is known to be high by the Iowa State University 
Soil Testing Laboratory. 
The lowest level of k observed, in this investigation was 
approximately 100 pp2m of available K. At this low level the 
rate of change equation for K in Figure 5A shows a negative 
response to the first infinitesimal increment of applied K. 
Very little response is observed, at higher rates of applied K. 
The high soil K in Figure 5A is 300 pp2m and. the rate of change 
equation for this level of k is displaced, at a lower but paral­
lel position to the low k rate of change equation. 
The final yield equation, regression equation 12, appears 
to describe adequately the relationship between yield, and the 
controlled and. uncontrolled factors of production. One of the 
immediate practical uses of this response equation would, be the 
prediction of expected yields under variable conditions of 
fertilizer inputs and environment. Yield predictions by this 
equation seem quite reasonable. The predicted, yield, at zero 
fertilizer inputs and at the average experimental value of the 
uncontrolled, environmental variables was 108 bushels per acre. 
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The observed mean check plot yield for all experiments was 106 
bushels per acre. Using the final yield, equation, regression 
equation 12, yields were predicted for various combinations of 
N and P. Applied K was held, at zero level of input as little 
or no response to K was obtained. The predicted, yields at the 
various N and. P levels are given in Table 18. 
The results of Table 18 show that the maximum predicted, 
yield, would be obtained with approximately 60 pounds of P per 
acre and 120 pounds of N per acre. The optimum rate of N re­
quired for maximum yield, was obtained by taking the first 
partial derivative of the final yield equation with respect to 
N, equating it to zero and solving for N. The first partial 
derivative was evaluated, with P at the 60 pound rate and all 
other factors at their mean experimental value. The predicted 
optimum rate of N was 127 pounds per acre. Equating the first 
partial derivative of the final yield equation with respect to 
P to zero and evaluating the function at the 120 pound N rate 
with all other factors at their mean experimental value, maximum 
yields would be obtained at the 57 pound, per acre P rate. How­
ever, under actual production conditions, the farmer is generally 
operating under limited capital and is therefore interested in 
the N and P combination that will result in maximum returns at 
the optimum yield. By equating the first partial derivatives 
for N and P to their respective inverse price ratio and solving 
the equations simultaneously, the optimum rates of N and P that 
would result in maximum returns could be calculated. Similar 
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Table 18. Predicted, corn yields with various combinations of 
applied. N and P 
Applied. N, Applied P , lbs, per acre 
lbs, per acre 0 20 40 60 80 
0 108.8 110.1 110.5 110.0 108.7 
40 113.9 115.3 115,9 115.6 114.5 
80 116.9 118.4 119.2 119.1 118.1 
120 117.7 119.5 120.4 120.5 119.7 
160 116.5 118,5 119.5 119,8 119.2 
results would be obtained by calculating isoproducts or yield, 
isoquants for various N and, P combinations. 
Using regression equation 12, a series or family of iso­
quants were computed for each of 4 conditions since the evidence 
obtained, indicated that the yield response to applied N and. P 
are affected by environmental factors. With little or no 
evidence available for an expected yield, response to K, this 
variable was held at zero input for all isoquants. 
The isoquant map depicted in Figure 6 was developed for 
combinations of N and P holding all other factors at their mean 
experimental value. The average n and p values for all experi­
ments were 57 and 25 pp2m, respectively. The maximum yield 
predicted was 120.4 bushels per acre. 
The range over which N may substituted for P and vice versa 
Figure 6. Isoquants for corn yields as affected by applied. N and P at the average n 
(57 pp2m) and p (25 pp2m) and all other factors at their mean experimental 
value 
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is confined to the area bound by the ridge lines (dashed, lines). 
Yields ranging from 111 bushels per acre to 117 bushels per 
acre are predicted, with N alone, whereas for yields greater 
than 117 bushels per acre, both N and P are required. The 
curvature of the yield, contours increase as higher and. higher 
yield isoquants are attained. At yields greater than 117 
bushels per acre, the isoquants do not intersect either axis, 
indicating that the range of N and P combinations which will 
produce a specified, yield becomes narrower. The maximum yield, 
was obtained with only a single N and. P combination. 
The distance between isoquants increases as yields increase 
indicating a decreasing return to the N and, P inputs. Assuming 
the cost of P to be twice that of N, an isocline with slope 0.5 
connects all points of the same slope on successive isoquants, 
indicating the least cost combination of N and. P for specified, 
yield, levels. The results of Figure 6 show that the least cost 
combinations of N and. P are limited to yields near the calcu­
lated maximum. 
If n and, p levels are increased to 120 ppm and 45 ppm, 
respectively, the response to applied P is decreased. The iso­
quants in Figure 7 are practically straight lines, indicating 
little response to P over the N range. The ridge lines (dashed, 
lines) are almost parallel to their respective axis indicating 
the NP interaction is approaching zero. Maximum yield of 125.8 
bushels per acre is predicted with 110 pounds of N per acre and 
8 pounds of P er acre. Assuming the price of P to be twice 
Figure 7. Isoquants for corn yields as affected by applied. N and P at high n (120 
pp2m) and. p (45 pp2m) and all other factors at their mean experimental 
value 
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that of N, the isocline developed, does not intersect any of the 
isoquants indicating the least cost combination of N and. P 
occurs only near maximum yield. 
The effect of climate, as characterized by the stress day 
concept; on yield, response to applied N and P is shown in Figure 
8. Predicted yields are lower with a high number of stress days 
in periods 1, 2, 3 and 4 as compared to yields obtained, under 
conditions of (shorter) stress periods (Figure 6). Under con­
ditions of high stress (7, 18, 21 and 16 stress days in periods 
1, 2, 3 and 4, respectively) economic substitution of P for N 
is possible for yields of 81 bushels per acre or less. At 
higher yields, the opportunity for economic substitution of P 
for N is not as great. In fact yields of 82 to 87 bushels are 
predicted with the use of N alone. At higher yields, the iso­
quants have a shorter radius of curvature and do not intersect 
either the N or P axis. This indicates that both N and P are 
required for yield levels above 87 bushels per acre. Assuming 
the price of P to be twice that of N, the isocline with slope 
0.5 would indicate the least cost combination of N and. P for a 
specified yield, level. 
Figure 8 depicts the effect of a high number of stress days 
in each growth period on the response of corn to various N and. 
P combinationso Assuming zero incidence of stress in all 
periods, yields would be expected, to be greater than when stress 
was present. The isoquant map developed with zero incidence of 
stress days is shown in Figure 9. As compared, to Figure 8, 
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yields are higher. The ridge lines intersect at less than a 
90° angle indicating a positive NP interaction. Yields greater 
than 100 bushels per acre were predicted with N alone. The 
curvature of the isoquants within the confines of the ridge 
lines show that the range of economic substitution of P for N 
is not very great. The location of the isocline with slope 0.5 
indicates the least cost combinations of N and P occur only near 
maximum yields. 
Figure 8. Isoquants for corn yields as affected, by applied. N and P at high number of 
stress days (7, 18, 21, 16) in periods 1, 2, 3 and 4, respectively and. all 
other factors at their mean experimental value 
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Figure 9. Isoquants for corn yields as affected by applied N and P at zero incidence 
of stress in periods 1, 2, 3 and 4 and all other factors at mean experi­
mental value 
80 
N (lbs./A.) 
12.9 
M O 
120 160 
108 
Vc SUMMARY AND CONCLUSIONS 
Consistent differences among locations in the response of 
corn to applied, fertilizer have been attributed to variation in 
soil, weather and management factors. Failure to quantify the 
effects of these uncontrolled environmental factors in fertility 
investigations has resulted in significant proportions of unex­
plained variation in corn yields. The objective of this study 
was to characterize the response of corn to applied N, P and K 
over a broad range of soil, climatic and management factors in 
an attempt to explain a greater proportion of the variation 
associated with yield. 
Twenty-two multi-rate N, P and K experiments were conducted 
on soils of six major soil associations important to corn pro­
duction in Iowa. Criteria for site selection were second year 
corn, no fertilization since previous year's crop and apparently 
uniform with respect to topography and drainage. Each site 
consisted of 48 plots 13 1/3 feet by 40 feet in size. Twelve 
borings from the surface six inches of soil were taken from 
each plot and composited. Deeper samples from each of the two 
replicates were taken to a depth of 35 inches by six-inch incre­
ments. Soil test determinations for nitrifiable nitrogen, 
available P, exchangeable K and pH were performed. Initial 
soil moisture in one-foot increments to a depth of 5 feet was 
determined for each location. Available soil moisture in the 5 
foot profile was calculated from two soil moisture character­
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istics, wilting point and field capacity. Using daily precipi­
tation measured, at each site and open pan evaporation from a 
network of weather stations along with the above mentioned soil 
moisture characteristics, moisture sufficiency or deficiency 
for each day in the growing season was determined. 
A moisture deficiency during any day of the growing season 
was termed a stress day. A stress day existed if the available 
moisture both in the total corn root zone and top foot was less 
than that required to maintain cell turgidity. The quantity of 
soil moisture required, to maintain cell turgidity is determined, 
by the atmospheric demand. Thus, by relating available soil 
moisture to évapotranspiration, stress days could, be calculated. 
The amount of available soil moisture for any day was computed, 
by adding precipitation amounts to the soil moisture supply 
after correcting for runoff and. subtracting daily évapotranspi­
ration requirements. The growing season was divided into 4 
periods, 5, 4, 3 and 6 weeks in length and were designated as 
stress periods 1, 2, 3, and 4. 
Following the removal of soil samples, varying rates of 
fertilizer was applied uniformly to plots receiving treatments. 
The fertilizer was generally plowed under by the cooperating 
farmer, who also selected the hybrid, seeding rate and planting 
date. These management factors were measured quantatively and. 
considered as independent variables affecting corn yield re­
sponse to applied fertilizer. 
Thirty-five feet of the center two rows of each plot was 
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harvested. The corn was shelled, weighed and. expressed as 
bushels of grain per acre at a uniform standard moisture 
content. 
The intensive soil sampling employed in this investigation 
is both time consuming and. expensive. This experimental pro­
cedure could be justified only if consistent and significant 
variability in soil at each experimental site could be demon­
strated. By calculating the differences in values for soil 
properties measured on randomly paired plots, the null hypothe­
sis that no difference existed was tested, by Student's _t-test 
statistic. The results showed, that 21 of 22 experimental sites 
were heterogeneous with respect to at least 2 of the 4 soil 
properties used to characterize each plot. Coefficients of 
variation ranged, from 2 percent to 51 percent, indicating that 
the pattern of variability was different for each soil factor. 
It is concluded that in areas that appear to be uniform with 
respect to topography and drainage, soils are likely to be 
heterogeneous with regard, to soil test values. Further evidence 
to support soil variability within an experimental area was 
obtained by calculating an analysis of variance for each lo­
cation. Significant replicate differences were obtained, in a 
majority of cases, presumably as a result of differences in 
inherent soil fertility. Conclusive evidence of soil vari­
ability was obtained, by regressing check plot yields as a 
function of soil, climatic and management variables. The re­
gression sum of squares explained, by the soil variables was 
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significant at the 0.05 probability level. 
The uncontrolled variates of climate and management were 
also found significantly to affect check plot yields. The first 
evidence of their influence on yields was obtained by combining 
analyses of variance for each of the two years of study. The 
treatment by location interaction was highly significant, indi­
cating a differential response to treatments over locations. 
Using stress days as a measure of climate and time of planting 
and yield potential as management factors, these variates were 
found to be highly significant in accounting for variation of 
corn yields on check plots. The multiple regression equation 
depicting check yields as a function of the uncontrolled soil, 
climatic and management variables attained an R^-value of 
0.7188. 
The effect of applied N, P and K on yield response was 
determined by analysis of variance of each experiment, by com­
bined analysis of variance for each year, and by multiple re­
gression analyses for each experiment and for all experiments 
combined. The individual analysis of variance for each location 
showed a differential treatment effect in 20 of the 22 experi­
ments. The level of significance varied among locations. The 
combined analyses of variance showed significant treatment 
differences, but treatment effects varied among locations. 
The general effect of applied N was to increase yields, 
however, applied N was significant in increasing yields in only 
10 of the 22 experiments. Applied P significantly increased 
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yields in 4 experiments while the effect of applied K was sig­
nificant in 2 experiments only. The R^-values for these 
individual experiments in which yield was expressed as a 
function of applied fertilizer ranged from 0.08 to 0.90. These 
p 
R -values indicated that the effect of applied fertilizer on 
yield response could not be explained by fertilizer variables 
alone. Multiple regression equations were computed expressing 
yield as a function of controlled and uncontrolled variables. 
The influence of the uncontrolled soil, climatic and 
management variables on the response of corn to applied N, P 
and K was determined by allowing the uncontrolled variates to 
interact with the fertilizer variates. The final yield equation, 
containing 44 variables, had an R^-value of 0.74. A significant 
proportion of the variation in corn yield from all plots was 
explained by soil, climatic, management, variates, soil by 
fertilizer interaction variates, climatic by fertilizer inter­
action variates and management by fertilizer interaction vari­
ates. 
The response to applied N was also affected by soil N, P, 
K, pH, time of planting, yield potential, and climate expressed 
as stress days in periods 1, 2 and 3. The response to N was 
greatest at low levels of soil N, indicating the substitution 
of soil N for applied N as soil N increased. Adequate moisture, 
as signified by zero stress days in periods 1, 2 and 3 resulted 
in a greater response to applied N than when a large number of 
stress days were indicated for periods 1, 2 and 3. Low stress 
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resulted in higher yields and. a more efficient use of soil 
moisture. The effect of a stress day, in periods 1, 2, 3 and 
4, evaluated at the mean experimental value for all other 
factors, was to reduce yields by 4.34, 0.98, 0,5 and 2.30 bushels 
per acre, respectively. The results show that the effect of a 
stress day during periods 2 and 3 was to reduce yields, but to 
a lesser degree as compared to period 1. Under the conditions 
of this investigation, it appeared, that the corn hybrids used, 
were capable of withstanding drought during the so called 
"critical period" of tasselling and silking. However, it is 
possible that the corn roots were absorbing moisture from below 
5 feet in the subsoil when the surface was depleted, of its 
moisture and a stress day, as defined in this study, was not 
precise enough. 
Greater responses to applied N were observed at a low pH 
value as compared, to a high pH value. Response to N increased 
as soil P increased, but decreased as soil K increased. Time 
of planting affected yield, response to N. Early planting showed, 
a larger initial response as compared, to late planting. A 
positive stand, by applied N interaction indicated an increased 
yield, response as stand increased. 
A positive response to applied P was obtained for all corn 
plotso This response was influenced by surface soil P, subsoil 
P, and yield potential. The initial yield response to P was 
greater at low levels of surface and subsoil P, indicating the 
substitution of soil P for applied. P. A greater response to 
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applied P was obtained at low pH values probably because of the 
effect of pH on the solubility and availability of soil P. 
The response to applied K was negative for all experimental 
plots. Only two of the individual experiments showed a signifi­
cant positive response to K» On these sites, the average soil 
test values for K were 110 and 203 pp2m. The average soil K 
for all experiments was 234 pounds per acre. The results of 
this study show that within the range of applied K used, no 
response could be expected if high levels of soil K were present. 
The results of this investigation have shown that the 
uncontrolled environment must be considered when evaluating the 
differential yield response to applied fertilizer. This means 
that a quantitative value must be assigned to environmental 
factors if such factors are to be used as independent variables 
in a second degree polynomial equation. Using dummy replicate 
and site variables to quantify the maximum effects of soil, 
climate and management factors, plus other within site vari­
ables, 85% of the variation of yield was accounted for in this 
study. Because dummy variables allow the effect of an aggre-
grate of factors to be expressed, interpretation is impossible. 
Therefore, it is necessary to identify and measure soil, climate 
and management variables and to determine whether these quanti­
tative variables adequately describe the factors in the dummy 
variables which cause yield variation. The results show that a 
significant portion of the maximum replicate sum of squares was 
explained by the measured variables. It is concluded that an 
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average subsoil soil test values is effective in explaining 
differences between replicates within an experimental site* 
(In this study the mean values for subsoil N, P, K and pH from 
the 6 to 36 inch depth were used.) It is suggested., however, 
that a better characterization might result if the distribution 
of these subsoil values were taken into consideration. The use 
of orthogonal polynomials is suggested. 
Success was achieved in substituting measured site vari­
ables for dummy site variables. Approximately two-thirds of the 
maximum site sum of squares was accounted for by the climatic 
and. management variables and their interactions with site 
factors and management variables. However, a better character­
ization of sites is still needed. The stress day criterion, as 
employed in this study, is dependent upon the integration of 
soil, climate and plant factors. Considerable error may be 
associated with this variable, and perhaps other methods of 
quantifying climatic effects should, be investigated. Orthogonal 
polynomials have been successfully employed to explain the 
seasonal distribution of soil moisture and climatological 
factors such as temperature. Characterizing soil moisture and 
potential évapotranspiration by orthogonal polynomials and. the 
use of the coefficients as independent variables in a yield 
equation should be investigated to describe the site environ­
ment . 
115 
VI. LITERATURE CITED 
Aspinall, D., Nicholls, P. B. and Mays, L. H. 1964. The 
effects of soil moisture stress on the growth of barley. 
I. Vegetative development and grain yield. Australian 
Journal of Agricultural Research 15:729-745. 
Baird, Bruce L. 1959. Factors affecting the nutrient content 
and yield response of corn to nitrogen, phosphorus and 
potassium fertilization. Dissertation Abstracts 20:431-
432. 
Baird, Bruce L., Fitts, J. W. and Mason, D. D. 1952, The 
relationship of nitrogen in corn leaves to yield. Soil 
Science Society of America Proceedings 26:378-381. 
Baird, Bruce L. and. Mason, D. D. 1959. Multi-variable 
equations describing fertility-corn yield response surfaces 
and their agronomic and economic interpretation. Agronomy 
Journal 51:152-159. 
Barber, Stanley A. and. Mederski, Henry J. 1966. Potassium 
fertility requirements. In Pierre, W. H., Aldrich, S. A. 
and Martin, W, P. eds. Advances in corn production, pp. 
257-284. Ames, Iowa, Iowa State University Press. 
Barger, G. L. and Thom, H. G. S. 1949. A method for character­
izing drought intensity in Iowa. Agronomy Journal 41:13-
19. 
Barker, W. F. and Steyn, W. J. A. 1956. Errors in the sampling 
of soils for chemical analysis. South African Journal of 
Science 52:169-174. 
Basile, Robert M. 1954. Drought in relation to corn yield in 
the northwestern corner of the Corn Belt. Agronomy Journal 
46:4-7. 
Bates, R. P. 1955. Climatic factors and corn yields in Texas 
Blacklands. Agronomy Journal 47:367-369. 
Bear, Firman E. and McClure, George M. 1920. Sampling soil 
plots. Soil Science 9:65-75. 
Bennett, W. F., Stanford, G. and Dumenil, L. 1953. Nitrogen, 
phosphorus, and potassium content of the corn leaf and. 
grain as related to nitrogen fertilization and yield. 
Soil Science Society of America Proceedings 17:252-258. 
117 
Benoit, G. R., Hatfield, A. L. and Ragland, J. L. 1965. The 
growth of and yield of corn. III. Soil moisture and 
temperature effects. Agronomy Journal 57:223-226. 
Besson, Marcos, 1961, Effects of climate and soil factors on 
response of mixed meadow to phosphorus fertilization. 
Unpublished. M.S. thesis. Ames, Iowa, Library, Iowa State 
University. 
Box, G. E. P. and. Wilson, K. B. 1951. On the experimental 
attainment of optimum conditions. Royal Statistical 
Society Journal B13:l-45, 
Brensing, 0. H. and. Harper, H. J. 1960. Nitrogen fertilization 
of corn with supplemental irrigation. Oklahoma Agri­
cultural Experiment Station Bulletin B-557. 
Brown, William G., Heady, Earl 0., Pesek, John T. and Stritzel, 
Joseph A. 1956. Production functions, isoquants, iso­
clines and economic optima in corn fertilization with two 
and three variables, Iowa Agricultural Experiment Station 
Research Bulletin 441. 
Caldwell; A. 0. and. Hovland, D. 1961. Weather effects corn 
response to potassium. Better Crops with Plant Food 45: 
14-17. 
Carlson, C. W., Alessi, J. and Mickelson, R. N. 1959. Evapo­
transpiration and yield of corn as influenced, by moisture 
level, nitrogen fertilization and plant density. Soil 
Science Society of America Proceedings 23:242-245. 
Carmen, Miguel Leonidas. 1963. Influence of precipitation, 
temperature, fertility level and. cropping sequence on corn 
yields. Unpublished M.S. thesis. Ames, Iowa, Library, 
Iowa State University. 
Chandler, W. V. 1960. Nutrient uptake by corn in North 
Carolina. North Carolina Agricultural Experiment Station 
Technical Bulletin 143. 
Cline, M. G. 1944. Principles of soil sampling. Soil Science 
58:275-278. 
Cochran, William G. and. Cox, Gertrude M. 1957. Experimental 
design. 2nd. ed. New York, New York, John Wiley and. Sons 
Inc. 
118 
Cole, C. v . ,  Grunes, D. L., Porter, L. K. and Olsen, S. R. 
1963o The effects of nitrogen on short terra phosphorus 
absorption and translocation in corn (Zea mays). Soil 
Science Society of America Proceedings 27:671-674. 
Collier, J. W. 1959. Influences of cropping systems-treatment 
combination and climatic factors on corn yields in the 
Blackland area of Texas, Agronomy Journal 51:587-589. 
Colville, W. L. and McGill, D, P. 1962. Effect of rate and. 
method, of planting on several plant characters and. yield 
of irrigated corn. Agronomy Journal 54:235-238. 
Crews, Julies W., Jones, Guy L. and Mason, D. D. 1963. Field, 
plot technique studies with flue-cured, tobacco. I. 
Optimum plot size and. shape. Agronomy Journal 56:361-362, 
Dale, Robert F. 1964. Weather effects on experimental plot 
corn yields: climatology of selected favorable and. un­
favorable conditions. Unpublished. Ph.D. thesis. Ames, 
Iowa, Library, Iowa State University. 
Davis, Floyd. E. and Pallesen, J. E. 1940. Effect of the 
amount and. distribution of rainfall and. evaporation during 
the growing season on yield, of corn and spring wheat. 
Journal of Agricultural Research 60:1-22. 
Delong, W. A., MacKay, D. C. and Steppler, H. A. 1953. Co­
ordinated soil-plant analysis. I. Nutrient cations. 
Soil Science Society of America Proceedings 17:262-266. 
Denmead, 0. T. , Fritchen, L. J. and. Shaw, R. H. 1962. Spatial 
distribution of net radiation in a corn field. Agronomy 
Journal 54:505-510. 
Denmead, 0. T. and Shaw, R. H. 1960. The effects of soil 
moisture stress at different stages of growth on the de­
velopment and. yield of corn. Agronomy Journal 52:272-274. 
Denmead, 0. T. and. Shaw, R. H. 1962. Availability of soil 
water to plants as affected, by soil moisture content and. 
meterological conditions. Agronomy Journal 54:385-390. 
Doll, E. C., Miller, H. F. and Todd, J. R. 1963. Effect of 
phosphorus fertilization and liming on yield and chemical 
composition of corn, wheat and red clover. Kentucky 
Agricultural Experiment Station Bulletin 682. 
119 
Doll, John P., Heady, Earl 0. and Pesek, John T. 1958. Ferti­
lizer production functions for corn and oats. Iowa Agri­
cultural Experiment Station Research Bulletin 463. 
Doss, B. D., Bennett, 0. L. and Ashley, D. A. 1962. Evapo­
transpiration by irrigated corn. Agronomy Journal 54:497-
498. 
Dreibelbis, F. R. and Youker, R. E. 1956. Soil moisture 
distribution on irrigated corn plots. Soil Science Society 
of America Proceedings 20:292-295. 
Dumenil, Lloyd and Nelson, L. B. 1948. Nutrient balance and. 
interactions in fertilizer experiments. Soil Science 
Society of America Proceedings 13:335-341. 
Duncan, E. R. 1954. Influence of varying plant population, 
soil fertility and hybrid on corn yields. Soil Science 
Society of America Proceedings 18:437-440, 
Duncan, E. R. 1966. Problems relating to selection of hybrid 
seed: calendarization a consideration. In Pierre, W. H., 
Aldrich, S. A. and. Martin, W. P., eds. Advances in corn 
production, pp. 104-116. Ames, Iowa, Iowa State Uni­
versity Press. 
Duncan, W. G., Hatfield, A. L. and. Ragland, J. L. 1965, The 
growth and yield, of corn. II. Daily growth of corn 
kernels. Agronomy Journal 57:221-222. 
Dungan, G. H., Lang, A. L. and Pendleton, J. W. 1958. Corn 
plant population in relation to soil productivity. 
Advances in Agronomy 10:435-473. 
Ehlers, W. F, 1960. Economic implications of drought proba­
bilities for humid area irrigation. Journal of Farm 
Economics 42:1518-1519. 
Eik, K. and. Hanway, J. J. 1965. Some factors affecting de­
velopment and. longevity of leaves of corn. Agronomy 
Journal 57:7-12, 
Ellis, B. G., Knauss, G. J. and Smith, F, W. 1956. Nutrient 
content of corn as related to fertilizer application and 
soil fertility. Agronomy Journal 48:455-459, 
Englestad, 0. P. and Doll, E. G. 1961. Corn yield responses 
to applied, phosphorus as affected, by rainfall and temper­
ature variables. Agronomy Journal 53:389-392, 
120 
Fiskeld, J. G. A. and Hutton, G. E. 1962. Multiple correlation 
of corn yields and certain soil analysis of Norfolk fine 
sandy loam previously treated with phosphate and lime. 
Soil and Crop Science Society of Florida Proceedings 22: 
116-124. 
Fly, C. L. and. Romine, D. S. 1964. Distribution patterns of 
the weld-rage soil association in relation to research 
planning and interpretation. Soil Science Society of 
America Proceedings 28:125-130. 
Foth, H. D. 1961. Root distribution of corn drilled in rows. 
Michigan Agricultural Experiment Station Quarterly Bulletin 
43:682-689. 
Fritschen, L. J. and Shaw, R. H. 1961. Evaporation for corn 
as related to pan evaporation. Agronomy Journal 53:149-
150. 
Fulcher, Charles Edward. 1962. Yield response curves of corn 
as affected by variables of nitrogen, plant population and 
moisture supply. Dissertation Abstracts 22:3338-3339. 
Gallagher, P. A. and Herlihy, M. 1963. An evaluation of errors 
associated, with soil testing. Irish Journal of Agri­
cultural Research 2:149-167. 
Gard, L. E. , McKibben, G. E. and. Jones, B. A. 1961. Moisture 
loss and corn yields on a silt-pan soil as affected by 
three levels of water supply. Soil Science Society of 
America Proceedings 25:154-157. 
Gomez, Jairo Antonio. 1960. Effect of climatic and soil 
factors on response of oats to phosphorus fertilizer. 
Unpublished. M.S. thesis, Ames, Iowa, Library, Iowa State 
University. 
Grogan, C. 0., Zuber, M. S. , Brown, N. , Peters, D. C. and. 
Brown, H. E. 1959. Date of planting studies with corn. 
Missouri Agricultural Experiment Station Research Bulletin 
706. 
Hammond, L. G., Prichett, W. L. and Chew, V. 1958. Soil^ 
sampling in relation to soil heterogeniety. Soil Science 
Society of America Proceedings 22:548-552. 
Hanks, R. J. and Tanner, G. B. 1952. Water consumption by 
plants as influenced by soil fertility. Agronomy Journal 
44:98-100. 
121 
Hanway, J. J. 1962a, Corn growth and. composition in relation 
to soil fertility. I. Growth of different plant parts 
and relation between leaf weight and grain yield. Agronomy 
Journal 54:145-148. 
Hanway, J. J. 1962b. Corn growth and composition in relation 
to soil fertility. II. Uptake of nitrogen, phosphorus 
and. potassium and their distribution in different plant 
parts during the growing season. Agronomy Journal 54:217-
222.  
Hanway, J. J. 1963. Growth stages of corn (Zea mays L.). 
Agronomy Journal 55:487-491. 
Harris, J. A. 1915. On a criterion of substratum homogeneity 
(or heterogeneity) in field experiments. American 
Naturalist 49:430-454. 
Heady, Earl 0., Pesek, John T. and Brown, William G. 1955. 
Crop response surfaces and economic optima in fertilizer 
use. Iowa Agricultural Experiment Station Research 
Bulletin 424. 
Holt, R. F., Timmons, D. R. , Allmaras, R. P., Caldwell, A. C., 
Gates, G. E. and Shubeck, F, E. 1965. Production factors 
for corn in the Northeast Corn Belt area. United States 
Agricultural Research Service Report 41-110. 
Holt, R. Fo, Timmons, D. R., Voorhees, W. B. and Van Doren, C. 
A, 1964. Importance of stored soil moisture to the growth 
of corn in the dry to moist subhumid climatic zone. 
Agronomy Journal 56:82-85. 
Holt, R. F. and Van Doren, C. A, 1961. Water utilization by 
field, corn in Western Minnesota. Agronomy Journal 53:43-
45. 
Hunter, Albert S. and Yungen, John P. 1955. The influence of 
variations in fertility levels upon the yield and protein 
content of field corn in eastern Oregon. Soil Science 
Society of America Proceedings 19:214-218. 
Hut ton, C. E., Robertson, W. K. and Hanson, W. D. 1956. Crop 
response to different fertility levels in a 5x5x5x2 fac­
torial experiment. I. Corn. Soil Science Society of 
America Proceedings 20:531-537. 
Jacob, Walter C. and Klute, A. 1956. Sampling soils for 
physical and. chemical properties. Soil Science Society 
of America Proceedings 20:170-172. 
122 
Jamison, V. C. 1956. Pertinent factors governing the availa­
bility of soil moisture to plants. Soil Science 81:459-
471. 
Jensen, D. R. 1962. Influence of soil variability on optimum 
soil sampling and fertilizer use. Unpublished. Ph.D. 
thesis. Ames, Iowa, Library, Iowa State University. 
Jordan, H. V., Bardsley, G. E., Bruce, R. R. and Sanford, J. 0. 
1958. Ten years results in a nitrogen fertilizer-plant 
population experiment with corn» Mississippi Agricultural 
Experiment Station Bulletin 570. 
Kelley, 0. J. 1954. Requirement and availability of soil 
water. Advances in Agronomy 6:67-94. 
KrantZj B. A. and. Chandler, W. V. 1951. Lodging, leaf compo­
sition and yield, of corn as influenced by heavy applications 
of nitrogen and potash. Agronomy Journal 43:547-552, 
Krantz, B. A. and Chandler, W. V. 1954. Fertilize corn for 
higher yields. North Carolina Agricultural Experiment 
Station Bulletin 366. 
Kroth, Earl M. and. Doll, John P. 1962. Response of corn yields 
to nitrogen fertilizations and plant population in 
Missouri, 1961. Missouri Agricultural Experiment Station 
Special Report 13. 
Leo, M. Williams. 1963. Heterogeneity of soil of agricultural 
land in relation to soil sampling. Journal of Agricultural 
and. Food Chemistry 11:432-434. 
Letey, J. and. Peters, D. B. 1957. Influences of soil moisture 
levels and seasonal weather on efficiency of water use by 
corn. Agronomy Journal 49:362-365. 
Linscott, D. L., Fox, R. L. and Lipps, R. C. 1962. Corn root 
distribution and. moisture extraction in relation to nitro­
gen fertilizer and soil properties. Agronomy Journal 54: 
185-189. 
Long, 0. H. 1961. Nitrogen and plant populations in corn 
production. Tennessee Agricultural Experiment Station 
Bulletin 337. 
Long, 0. H., Odom, J. A. and Safley, L. M. 1964. Phosphorus 
and potassium fertilization in crop rotation. Tennessee 
Agricultural Experiment Station Bulletin 376. 
123 
Long, 0. H. and Seatz, L. F. 1953. Correlation of soil test 
for available phosphorus and potassium with crop yield, 
responses to fertilization. Soil Science Society of 
America Proceedings 17:258-262. 
Mader, D. L. 1963, Soil variability-a serious problem in 
soil-site studies in the Northeast. Soil Science Society 
of America Proceedings 27:707-709. 
Murdock, J. T., Sytangel, P. J. and Doersch, R. E. 1962. How 
fertility level and balance can influence field, corn 
production. Better Crops with Plant Food. 46:16-21. 
Nelson, Lewis B. 1956. The mineral nutrition of corn as 
related, to its growth and. culture» Advances in Agronomy 
8:321-375. 
Olsen, S. R., Watanabe, F, S. and Danielson, R. E. 1961. 
Phosphorus absorption by corn roots as affected, by 
moisture and. phosphorus concentration. Soil Science 
Society of America Proceedings 25:289-294. 
Olson, R. A., Dreier, A. F. , Hoover, C. A. and. Rhoad.es, H. F. 
1962. Factors responsible for poor response of corn and. 
grain sorghum to phosphorus fertilization, 1» Soil 
phosphorus level and. climatic factors. Soil Science 
Society of America Proceedings 26:571-574. 
Oschwald, W, R., Riecken, F. F., Didericksen, R. I., Scholtes, 
W. H. and. Schaller, F. W. 1965. Principal soils of Iowa, 
Iowa State University of Science and Technology Cooperative 
Extension Service in Agriculture and. Home Economics Special 
Report 42. 
Parks, W. L. and Knetsch, J. L. 1960. Utilizing drought days 
in evaluating irrigation and fertility response studies. 
Soil Science Society of America Proceedings 24:289-293, 
Parks, W, L., Odom, J. A., Overton, J. R. and Chapman, E. J, 
1965. Plant population and row spacing for corn. Tennes­
see Agricultural Experiment Station Bulletin 392. 
Pesek, John T. 1963. Some considerations for production 
functions research. Mimeograph. Ames, Iowa, Department 
of Agronomy, Iowa State University. 
Pesek, John T., Heady, Earl 0., Doll, John P. and Nicholson, R. 
P. 1959. Production surface and economic optima for corn 
yields with respect to stand, and. nitrogen level. Iowa 
Agricultural Experiment Station Research Bulletin 472. 
124 
Peters, D. B. 1950. Growth and water absorption by corn as 
influenced by soil moisture content and relative humidity. 
Soil Science Society of America Proceedings 24:523-526. 
Peters, D. B. and Russell, M. B. 1959. Relative water losses 
by evaporation and transpiration in field corn. Soil 
Science Society of America Proceedings 23:170-173. 
Pritchett, W. L., Breland, H. L. and Hanson, W. D. 1953. 
Roles of research in a soil testing program, B. Sampling 
soils on a field basis. Soil and Crop Science Society of 
Florida Proceedings 13:131-142. 
Ragland, J. L., Hatfield, A. L. and Benoit, G. R. 1965. The 
growth and yield of corn. I. Microclimate effects on the 
growth rate. Agronomy Journal 57:217-220. 
Reed, J. F. and Rigney, J. A. 1947. Soil sampling from fields 
of uniform and non-uniform appearances and soil types. 
Agronomy Journal 39:26-40. 
Rigney, J. A. and Reed, J. F. 1945. Some factors affecting 
the accuracy of soil sampling. Soil Science Society of 
America Proceedings 10:257-259. 
Robins, J. S. and Domingo, G. E. 1953. Some effects of severe 
soil moisture deficits at specific growth stages in corn. 
Agronomy Journal 45:618-621. 
Robinson, G. W. and Lloyd, W. E. 1915. On the probable error 
in soil sampling. Journal of Agricultural Science 7:114-
153. 
Rossman, E. G. and Gook, R. L. 1966. Soil preparations and 
date, rate and pattern of planting. In Pierre, W. H., 
Aldrich, S. A. and Martin, W. P. eds. Advances in corn 
production, pp. 53-101. Ames, Iowa, Iowa State University 
Press. 
Runge, E. G. A. and Odell, R. T. 1958. The relation between 
precipitation, temperature and the yield of corn on the 
Agronomy South Farm, Urbana, Illinois. Agronomy Journal 
50:448-454. 
Russ, P. L. and Bell, F. F. 1962. Productivity of four 
selected. Tennessee soils in terms of corn yield. Agronomy 
Journal 54:164-167. 
125 
Russell, M. B. and Danielson, R. E. 1956. Time and depth 
patterns of water use by corn. Agronomy Journal 48:163-
165. 
Shah, Manubhai P. 1965, Effect of available soil moisture on 
responses of corn yields to fertilizer nitrogen. Un­
published, Ph.D thesis, Ames, Iowa, Library, Iowa State 
University. 
Shaw, R. H. 1963. Estimation of soil moisture under corn. 
Iowa Agricultural Experiment Station Research Bulletin 520. 
Shaw, R, H., Nielsen, D. R. and Runkles, J. R. 1959. Evalu­
ation of some soil moisture characteristics of Iowa soils, 
Iowa Agricultural Experiment Station Research Bulletin 465, 
Shaw, R. H. and Runkles, J. R, 1956, Soil moisture and water 
utilization in Iowa, Agronomy Journal 48:313-318, 
Shubeck, Fred E. and Caldwell, A. C, 1955. Effects of ferti­
lizer and stand on corn and of stand, on soil moisture, 
Minnesota Agricultural Experiment Station Technical 
Bulletin 214. 
Smith, L. E., Thomas, D. W. and Wiersma, D. 1962, An economic 
analysis of water, nitrogen and seeding rate relationships 
in irrigated corn production. Indiana Agricultural Ex­
periment Station Research Bulletin 755. 
Snedecor, George W. 1959. Statistical methods. Fifth edition. 
Ames, Iowa, Iowa State University Press. 
Stauber, Stevens, Decker, W. L. and. Miller, F. 1963. Incidence 
of drought conditions in Southeastern Missouri. Missouri 
Agricultural Experiment Station Research Bulletin 836. 
Termude, D. E., Shank, D. B. and Berks, V. A. 1963. Effects 
of population levels on yield and maturity of maize hybrids 
grown on the Northern Great Plains. Agronomy Journal 55: 
551-555. 
Van Bavel, C. H. M. 1953. A drought criterion and its appli­
cation in evaluating drought incidence and hazard. 
Agronomy Journal 45:167-172. 
Van Bavel, C. H. M., Forest, L. A. and Peele, T. C. 1957. 
Agricultural drought in South Carolina, South Carolina 
Agricultural Experiment Station Bulletin 447. 
126 
Viets, F. G., Jr., Nelson, G. E. and Grawford, G. L. 1954. 
The relationships among corn yields, leaf composition and. 
fertilizer applied. Soil Science Society of America 
Proceedings 18:297-301. 
Voss, R. D. 1962o Yield, and foliar composition of corn as 
affected, by fertilizer rates and. environmental factors. 
Unpublished Ph.D. thesis, Ames, Iowa, Library, Iowa State 
University. 
Webb, J. R. and Pesek, J. T. 1958. An evaluation of phosphorus 
fertilizers varying in water solubility, I. Hill appli­
cations for corn. Soil Science Society of America 
Proceedings 22:533-538. 
Webb, J. R., Eik, K. and Pesek, J, T. 1961. An evaluation of 
phosphorus fertilizers applied, broadcast on calcareous 
soils for corn. Soil Science Society of America Pro­
ceedings 25:232-236. 
Whitney, David. A. 1966. Yield, and. composition of oats as 
influenced by fertilizer, limestone and environmental 
factors. Unpublished Ph.D. thesis. Ames, Iowa, Library, 
Iowa State University, 
Wiebe, Herman H. 1962, Physiological response of plants to 
drought. Utah Agricultural Experiment Station Farm and. 
Home Science 23:70-71. 
127 
VII. ACKNOWLEDGEMENTS 
The writer wishes to express his sincere thanks to Dr. 
John Pesek for suggestion of the problem and. constructive help 
throughout the investigation and writing of this dissertation. 
A special thanks is extended to Dr. F. B. Gady for his advice 
regarding the statistical analyses and to the personnel of the 
Iowa State University Computation Center for their suggestions 
and. help. Also to fellow graduate students for help in data 
collection. 
In memory of my father, for the encouragement and. many 
sacrifices during the years of graduate study. 
128 
VIII. APPENDIX 
129 
Table 19. Multivariate regression analyses 
Regression Source of 
number variation d.f. SS M.S. F r2 
1 Regression 
Residual 
79 
975 
490119. 
89404. 
84 
12 
6204. 
91. 
04 
50 
57. 73 .8457 
2 Regression 
Residual 
57 
998 
485355. 
93168. 
90 
06 
8532. 
93. 
55 
35 
91. 40 .8392 
3 Regression 
Residual 
58 
997 
361363. 
218160. 
22 
74 
6230. 
218. 
40 
81 
28. 47 .6235 
4 Regression 
Residual 
63 
992 
487591. 
91932. 
27 
69 
7739. 
92. 
54 
67 
83. 51 .8414 
5 Regression 
Residual 
78 
977 
448042. 
131481. 
70 
25 
5744. 
134. 
13 
57 
42. 68 .7731 
6 Regression 
Residual 
62 
993 
429014. 
150509. 
90 
05 
6919. 
151. 
59 
57 
45. 65 .7403 
7 Regression 
Residual 
68 
987 
484329. 
95294. 
01 
95 
7121. 
96. 
01 
55 
73. 75 .8355 
8 Regression 
Residual 
64 
991 
483583. 
95840. 
26 
70 
7557. 
96. 
55 
71 
78. 15 .8346 
9 Regression 
Residual 
56 
999 
483151. 
96372. 
68 
28 
8627. 
96. 
70 
46 
89. 43 .8337 
10 Regression 
Residual 
60 
995 
452343. 
127180. 
93 
03 
7539. 
127. 
06 
81 
58. 98 .7805 
11 Regression 
Residual 
55 
1000 
415677. 
163845. 
15 
81 
7557. 
163. 
76 
84 
46. 13 .7173 
12 Regression 
Residual 
44 
1011 
428303. 
151220. 
37 
59 
9734. 
149. 
17 
58 
65. 08 .7391 
13 Regression 
Residual 
49 
1006 
357277. 
222246. 
12 
83 
7291. 
220. 
37 
92 
33. 00 .6165 
Table 20. Gooperators, locations and soil types for the 1963-1964 experiments 
Year Site Cooperator Location Soil type 
1963 1 B. Engleke O'Brien Go. Primghar silt loam 
2 H. Rolfsen O'Brien Go, Primghar silt loam 
3 L. Mugge O'Brien Go. Galva silt loam 
4 D. Segelke O'Brien Go. Primghar silt loam 
5 N. Martin Marshall Go. Tama silt loam 
6 V. McKibben Marshall Go. Muscatine silt loam 
7 T. Dixon Tama Go, Tama silt loam 
8 E. Wilson Tama Go. Tama silt loam 
9 w. Bloom Henry Go. Mahaska silt loam 
10 P. Hookum Henry Go. Mahaska silt loam 
11 A. Olson Henry Go. Otley silt loam 
12 E. Young Henry Go. Mahaska silt loam 
13 ISU Experimental Farm Wayne Go. Seymour silt loam 
1964 14 L. Pringel O'Brien Go. Galva silt loam 
15 E. Amendt O'Brien Go. Galva silt loam 
16 Gorlett Bros. Glayton Go. Downs silt loam 
17 G. Keehner Glayton Go. Downs silt loam 
18 R. Podhajsky Tama Go. Muscatine silt loam 
19 H. Higgins Tama Go. Tama silt loam 
20 R. Stout Washington Go, Taintor silt loam 
21 H. Liechty Washington Go. Taintor silt loam 
22 B. Stille Pottawattamie Go. Marshall silt loam 
131 
Table 21. 1963 and 1964 corn yields, stand levels and plot 
soil test values for each treatment by replicates 
Tmt. Yield Stand, n P k pH 
Site no. bu, /A 1000/A pp2m pp2m pp2m 
1 1-1 91.3 16.8 57 29.0 325 5.90 
1-2 91.2 14.4 66 33.0 408 5.90 
1-3 91.1 14.6 59 28.0 382 6.15 
1-4 67.7 16.0 52 26.0 404 6.10 
1-5 96.9 14.4 59 24.5 313 6,10 
1-6 81.1 16.2 56 26.0 400 5.90 
1-7 78.5 13.8 74 30.0 408 6.00 
1-8 98.4 13.0 45 27.0 358 6.10 
1-9 98.2 16.0 52 24.5 404 6.05 
1-10 84.8 15.0 52 26.5 404 6.10 
1-11 101.5 14.0 61 28.0 287 6.00 
1-12 98.5 14.8 44 26.5 343 5.95 
1-13 96.5 14.6 42 28.0 342 6.10 
1-14 107.8 15.2 45 25.0 398 6.05 
1-15 96.9 16.2 58 25.0 368 6.00 
1-16 89.7 14.6 • 44 25.0 342 6.10 
1-17 79.3 13.6 55 25.0 404 5.95 
1-18 105.7 14.4 62 33.0 408 5.90 
1-19 90.8 15.2 52 24.0 389 5.90 
1-20 91.9 14.2 43 23.5 376 6.10 
1-21 100.2 17.6 56 27.5 308 5.90 
1-22 102.8 • 15.0 49 28.0 404 6.05 
1-23 85.4 16.6 49 29.0 355 5.90 
1-24 79.5 15.0 46 24.0 374 6.10 
2-1 103.7 14.2 59 32.0 408 5.90 
2-2 99.3 13.4 74 37.0 400 5.70 
2-3 102.5 14.2 67 31.5 412 5.90 
2-4 89.0 13.0 62 29.0 408 5.90 
2-5 105.3 16.4 60 28.0 412 5.90 
2-6 99.9 15.0 47 32.0 408 5.80 
2-7 97.6 16.4 62 31.5 408 5.90 
2-8 102.3 14.6 74 29.0 404 5.85 
2-9 94.7 16.4 62 28.5 396 5.95 
2-10 103.8 17.4 67 25.5 408 5.90 
2-11 102.6 16.2 61 30.0 412 5.95 
2-12 95.9 14.4 . 59 32.0 372 5.85 
2-13 102.7 16.6 63 31.0 408 5.80 
2-14 107.0 14.8 84 30.0 408 5.90 
2-15 106.2 14.6 60 29.0 372 5.90 
2-16 95.6 14.8 76 33.0 408 5.90 
2-17 97.5 13.8 62 26.0 408 5.70 
2-18 100.3 14.0 61 31.5 408 5.90 
2-19 89.8 14.2 76 29.0 408 5.85 
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Table 21 (Continued) 
Tmt. Yield Stand, n P k pH 
Site no. bu./A 1000/A pp2m pp2m pp2rti 
1 2-20 105.4 14.6 64 25.0 408 5.80 
2-21 94.4 17.2 69 31.0 408 6.00 
' ' 2-22 98.9 14.2 60 38.0 408 5.80 
2-23 103.1 16.4 64 28.0 408 5.90 
2-24 103.1 14.0 56 31.5 404 5.90 
2 1-1 101.3 11.8 62 35.5 267 5.60 
1-2 97.9 12.6 50 36.0 259 5.70 
1-3 84.8 14.0 67 25.5 289 5.70 
1-4 87.0 11.2 70 32.5 253 5.75 
1-5 94.0 11.0 71 22.5 228 5.75 
1-6 78.0 10.2 66" 36.0 394 5.80 
1-7 88.0 11.6 47 24.5 234 5.70 
1-8 90.0 11.4 62 40.0 299 5.80 
1-9 93.0 12.8 50 23.5 210 5.80 
1-10 87.5 11.6 80 42.5 410 5.60 
1-11 69.9 11.4 74 42.0 363 5.70 
1-12 92.2 10.8 58 27.0 230 5.60 
1-13 75.1 9.2 69 27.5 228 5.60 
1-14 83.8 11.6 68 26.0 273 5.70 
1-15 102.2 11.6 80 37.0 251 5.60 
1-16 69.9 12.2 59 35.0 300 5.60 
1-17 57.8 11.6 50 20.0 222 5.70 
1-18 86.7 11.2 62 40.0 260 5.60 
1-19 91.9 12.2 58 47.5 335 5.45 
1-20 91.6 12.2 73 44.0 401 5.60 
1-21 92.1 12.2 65 48.0 316 5.60 
1-22 85.2 10.6 77 41.0 295 5.60 
1-23 89.2 11.8 60 41.0 354 5.70 
1-24 73.1 10.8 56 44.5 306 5.35 
2-1 87.5 12.4 58 40.0 311 5.60 
2-2 101.9 13.0 86 54.0 400 5.60 
2-3 105.1 12.6 65 40.0 260 5.60 
2-4 97.8 12.0 73 39.0 344 5.60 
2-5 84.6 12.4 67 27.0 282 5.60 
2-6 90.8 12.4 55 29.0 266 5.70 
2-7 97.9 12.0 53 32.0 263 5.60 
2-8 96.8 12.4 71 38.0 404 5.60 
2-9 101.6 12.4 61 50.0 372 5.55 
2-10 93.7 12.2 66 47.0 262 5.60 
2-11 80.6 12.6 67 48.0 379 5.70 
2-12 81.1 12.2 63 24.5 261 5.45 
2-13 87.4 11.8 66 44.0 301 5.60 
2-14 86.0 11.0 69 32.0 248 5.70 
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Table 21 (Continued) 
Tmt. Yield Stand, n P k pH 
Site no* bu./A 1000/A pp2m pp2m pp2m 
2 2-15 89.7 11.4 81 44.0 344 5.50 
2-16 68.7 10.4 62 30.5 202 5.60 
2-17 81.5 12.8 62 45.0 371 5.50 
2-18 86.3 12.8 70 35.0 279 5.65 
2-19 101.0 12.6 70 40.0 397 5.60 
2-20 112.3 13.4 64 55.0 319 5.60 
2-21 99.0 12.8 74 33.5 299 5.65 
2-22 93.1 11.8 70 41.0 309 5.50 
2-23 79.0 12.4 67 28.0 198 5.70 
2-24 90.1 12.2 71 38.0 408 5.60 
3 1-1 98.2 15.6 80 19.0 404 5.55 
1-2 104.3 15.8 77 18.5 266 5.65 
1-3 91.7 13.4 84 17.0 275 5.75 
1-4 84.5 15.6 97 16.0 281 5.70 
1-5 101.7 15.0 75 16.0 389 5.80 
1-6 103.2 15.6 71 14.0 268 5.65 
1-7 105.2 13.8 59 18.5 212 5.65 
1-8 95.1 14.8 73 16.5 327 5.70 
1-9 115.7 15.4 79 22.0 350 5.60 
1-10 98.9 15.6 85 17.0 291 5.70 
1-11 108.1 12.8 75 17.0 286 5.60 
1-12 92.0 13.8 60 19.0 206 5.60 
1-13 120.5 16.2 70 17.0 388 5.70 
1-14 102.3 16.0 85 16.5 267 5.90 
1-15 101.2 16.4 74 16.0 396 5.60 
1-16 71.1 15.6 62 14.0 218 5.70 
1-17 106.8 15.0 62 19.0 314 5.65 
1-18 111.7 13.6 70 17.0 216 5.60 
1-19 76.4 14.4 82 17.0 278 5.80 
1-20 91.2 15.4 81 15.0 315 5.80 
1-21 120.4 16.2 66 17.0 255 5.65 
1-22 116.6 13.2 70 17.5 347 5.70 
1-23 85.4 13.8 81 19.0 389 5.65 
1-24 58.8 15.0 63 16.0 158 5.90 
2-1 93.8 16.6 63 16.5 251 5.90 
2-2 87.0 14.8 76 44.0 333 5.75 
2-3 95.8 16.6 64 15.5 206 5.80 
2-4 89.0 16.0 77 14.0 272 5.90 
2-5 91.0 12.4 70 14.5 216 5.90 
2-6 88.4 15.4 68 12.5 245 5.85 
2-7 112.9 13.8 67 14.0 265 5.90 
2-8 114.1 14.6 74 16.0 222 5.90 
2-9 111.4 14.2 67 14.5 249 5.95 
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Table 21 (Continued) 
Tmt. Yield Stand, n P k pH 
Site no. bu./A 1000/A pp2m pp2m pp2ra 
3 2-10 8 2 . 8  1 4 . 8  81 17.0 245 5 . 8 0  
2-11 116.3 16.2 76 14.0 2 9 6  5.90 
2-12 77.0 14.2 63 14.0 216 5.90 
2-13 111.8 13.4 70 15.5 234 5.90 
2-14 8 6 . 9  14.8 6 2  2 5 . 5  204 5.80 
2-15 9 3 . 0  1 6 . 8  73 15.5 2 6 6  5.80 
2-16 55.6 15.6 63 16.0 242 5.90 
2-17 6 8 . 5  16.2 69 16.5 2 8 2  5.70 
2-18 88.1 15.0 73 14.5 251 5.80 
2 - 1 9  80.5 15.8 76 14.5 192 5.90 
2-20 83.1 15.4 64 14.0 220 5.95 
2-21 112.7 1 7 . 0  57 17.5 190 5.90 
2-22 113.2 15.6 49 17.0 177 5 . 9 5  
2-23 102.6 16.2 65 16.5 357 5.95 
2-24 8 2 . 1  16.6 6 6  18.0 255 5.80 
4 1-1 1 2 0 . 3  14.0 81 14.5 249 6.10 
1-2 1 2 4 . 3  14.6 79 1 6 . 5  244 6 . 0 0  
1-3 111.2 1 3 . 6  74 17.5 274 5.90 
1-4 1 0 7 . 2  12.6 76 19.0 2 9 7  6.20 
1-5 121.1 14.0 8 2  1 8 . 0  239 5.85 
1-6 127.1 16.0 8 3  18.0 302 5.90 
1-7 103.5 11.2 75 11.0 239 6.00 
1-8 120.5 1 3 . 8  62 17.0 249 6.10 
1-9 112.6 14.0 79 15.5 216 6.00 
1-10 109.4 14.4 78 18.0 264 6 . 1 0  
1-11 108.4 13.8 6 4  15.5 246 5.90 
1-12 9 4 . 7  10.2 77 15.5 255 6 . 1 0  
1-13 123.2 14.2 69 14.5 251 6.00 
1-14 118.7 1 3 . 2  74 1 8 . 0  250 5.95 
1-15 116.3 14.2 81 16.0 263 5.90 
1-16 94.6 11.0 64 13.0 2 3 8  6.20 
1-17 113.9 1 2 . 6  6 6  1 7 . 0  277 5.90 
1-18 121.5 15.0 71 16.0 273 5 . 9 0  
1-19 104.5 11.4 6 8  20.5 2 9 0  5.90 
1-20 105.6 1 2 . 0  67 16.5 2 8 2  6.10 
1-21 101.9 12.8 59 16.0 332 5.95 
1-22 122.8 13.6 6 8  19.5 253 5.85 
1-23 103.4 13.4 75 16.0 261 5.95 
1-24 9 5 . 6  11.8 63 1 6 . 5  255 5.80 
2-1 76.5 9.0 60 2 5 . 0  404 5.85 
2 - 2  112.4 1 4 . 8  74 2 2 . 0  3 3 6  5.80 
2-3 69.0 7.8 77 1 6 . 0  2 7 3  5.80 
2-4 110.9 15.2 74 3 8 . 0  408 6.00 
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Tmt. Yield Stand, n p k pH 
Site no, bu./A 1000/A pp2m pp2m pp2m 
2-5 109,9 12.8 67 15.5 2 6 9  5 . 9 0  
2-6 85.1 9 . 0  67 1 5 . 0  310 5 . 9 0  
2-7 115.0 13.8 85 3 0 . 0  412 5 . 9 0  
2 - 8  117.1 13.0 77 2 3 , 0  400 5.90 
2 - 9  1 1 8 . 9  14,8 6 6  16.0 291 5.90 
2-10 8 3 . 2  9 . 8  78 20.0 361 5 . 8 5  
2-11 123.9 14.4 78 17.5 3 2 6  5 . 8 0  
2 - 1 2  105,7 11.4 65 2 3 . 0  400 5 . 9 0  
2-13 87.5 1 0 . 8  73 18,0 263 5,80 
2-14 1 1 6 . 8  14.4 55 16.0 2 8 6  5 . 9 0  
2-15 1 2 2 . 7  15.4 77 16.0 316 5.90 
2-16 64,5 7.6 6 6  18.5 324 5.80 
2-17 9 5 . 0  11.2 84 5 8 . 0  404 6.20 
2-18 102.4 11,0 75 16.5 300 5 . 9 0  
2-19 105.5 13.6 57 2 0 . 5  255 5.70 
2-20 101,1 14,2 84 1 5 . 0  3 8 2  5.90 
2-21 114.5 15,2 . 75 18.0 267 5.80 
2 - 2 2  94.2 1 2 . 0  8 3  72,0 412 6 . 4 0  
2 - 2 3  107.1 14,0 90 53,0 412 6 . 1 5  
2 - 2 4  1 0 6 . 6  13,4 65 18.5 2 9 3  5,80 
1-1 1 0 9 . 8  19.4 61 24.5 196 6.15 
1-2 1 0 6 . 7  18.2 66 20.5 2 0 8  6.15 
1-3 99.1 14.8 57 17.5 159 6 . 2 0  
1-4 9 3 . 1  17.6 46 28,5 181 6.10 
1-5 116,8 17.6 64 25,0 196 6.10 
1-6 115.4 17.2 62 21.0 163 6.20 
1-7 1 1 8 . 9  17.4 57 22,5 169 6.10 
1-8 119.6 18.0 61 26,5 177 6.10 
1-9 117.8 16.4 6 8  1 7 . 0  187 6 . 2 0  
1-10 8 6 . 2  18.0 50 23.0 163 6 . 1 5  
1-11 133.6 18.6 45 2 0 . 0  171 6,15 
1-12 119.3 17.2 57 2 2 . 5  212 6,20 
1-13 9 7 . 7  17.2 69 16.5 158 6 . 2 0  
1-14 111,7 19.0 63 24.5 185 6.05 
1-15 129.2 1 9 . 4  67 18,5 165 6,30 
1-16 9 3 . 5  14.2 6 6  17,0 190 6.20 
1-17 8 3 , 6  1 9 . 0  58 3 1 . 0  170 6 . 1 0  
1-18 9 5 . 3  1 7 , 6  67 16.5 164 6.20 
1-19 122.1 1 9 . 4  70 20.5 2 0 2  6 . 1 0  
1-20 131.4 1 8 . 0  59 25.0 171 6 . 1 0  
1-21 116,7 18.0 54 16.5 165 6.10 
1 - 2 2  118.3 1 8 . 8  57 21.5 2 0 8  6.10 
1-23 6 9 , 6  18.8 70 27.5 177 6.15 
1-24 107.3 18.4 58 17.5 200 6 . 2 0  
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Tmt „ Yield Stand, n P k pH 
Site noo bUo/A 1000/A pp2m pp2m pp2m 
5 2-1 120.9 17.4 57 17.5 156 6.20 
2-2 123.0 19.0 65 16.5 158 6.20 
2-3 111.2 18.0 66 30.0 206 6.20 
2-4 109.9 19.6 67 45.0 167 6.10 
2-5 127.0 17.4 50 20.5 173 6.20 
2-6 121.3 17.0 51 16.0 158 6.20 
2-7 127.3 18.0 60 19.0 177 6.20 
2-8 140.3 19.8 70 19.5 200 6.20 
2-9 123.0 18.6 78 17.0 204 6.15 
2-10 85.0 16.6 50 17.5 166 6.20 
2-11 130.3 18.8 65 20.5 146 6.10 
2-12 128.4 19.4 64 24.0 200 6.10 
2-13 115.1 18.6 67 27.0 185 6.10 
2-14 123.0 17.6 52 20.5 18 5 6.10 
2-15 115.9 15.8 46 16.0 175 6.10 
2-16 89.3 16.0 72 32.0 173 6.10 
2-17 94.4 19.4 81 19.0 214 6.10 
2-18 113.8 20.3 57 16.5 169 6.10 
2-19 124.5 21.2 57 18.5 183 6.00 
2-20 115.7 17.2 61 16.5 183 6.10 
2-21 127.8 20.2 61 22.5 142 6.30 
2-22 124.3 20.4 71 19.5 169 6.10 
2-23 105.7 19.0 62 24.0 202 6.20 
2-24 95.8 18.2 62 22.0 183 6.10 
6 1-1 125.1 13.4 63 30.0 220 6.00 
1-2 119.9 13.2 56 20.0 157 6.00 
1-3 111.7 14.8 71 23.5 17 5 6.05 
1-4 108.1 13.4 79 23.5 183 6.00 
1-5 138.3 14.8 82 27.0 204 6.25 
1-6 120.5 12.8 66 22.0 187 5.90 
1-7 132.5 14.2 78 26.5 142 6.20 
1-8 121.9 13.6 71 23.0 183 6.25 
1-9 136.8 15.2 66 24.0 17 5 5.90 
1-10 120.1 14.6 46 21.5 165 5.90 
1-11 132.6 15.0 83 24.0 183 6.25 
1-12 134.0 14.8 62 23.5 167 6.00 
1-13 113.0 12.0 64 23.0 165 5.90 
1-14 123.9 13.8 61 24.0 157 6.10 
1-15 124.2 13.8 74 22.5 196 5.90 
1-16 117.6 14.4 52 24.0 161 6.00 
1-17 130.2 14.4 65 27.0 160 5.90 
1-18 129,7 15.2 77 28.0 177 6.20 
1-19 118.4 13.4 62 23.5 164 6.00 
1-20 126.4 14.8 69 24.5 166 6.00 
Table 21 (Continued) 
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Tmt. Yield Stand, n p k pH 
Site no. bu./A 1000/A pp2m pp2m pp2m 
1-21 119.5 14.0 60 23.5 142 5.95 
1-22 145.8 16.8 72 24.0 168 6.00 
1-23 120.4 14.2 54 26.5 231 6.00 
1-24 115.0 13.2 71 24.0 159 6.20 
2-1 121.8 14.0 65 27.0 198 5.95 
2-2 138.9 15.2 76 22.0 161 6.00 
2-3 125.7 15.4 73 24.5 166 6.10 
2-4 77.0 9.0 71 24.5 183 6.00 
2-5 135.7 15.0 88 25.0 17 5 5.90 
2-6 135.8 14.6 71 24.5 153 6.05 
2-7 128.8 13.8 57 26.0 177 6.00 
2-8 133.4 16.2 74 20.0 141 6.10 
2-9 116.3 13.8 80 24.0 139 6.10 
2-10 75.6 9.8 56 24.0 181 6.00 
2-11 136.3 15.4 61 27.5 185 5.95 
2-12 127.9 15.0 66 23.0 161 6.10 
2-13 111.9 12.4 56 27.5 177 5.90 
2-14 126.9 14.8 66 21.0 160 5.95 
2-15 138.4 15.6 63 24.5 171 6.10 
2-16 139.4 15.2 81 28.0 168 6.00 
2-17 112.4 14.2 64 21.0 161 6.00 
2-18 98.1 12.0 51 22.5 161 5.95 
2-19 137.8 15.2 74 25.0 . 194 6.10 
2-20 132.4 14.6 76 24.0 163 5.85 
2-21 125.7 13.8 74 26.5 202 6.05 
2-22 118.8 13.2 60 21.5 142 5.90 
2-23 129.6 14.8 67 23.0 136 6.00 
2-24 80.7 9.6 55 22.5 155 6.05 
1-1 134.0 16.0 61 28.5 196 6.15 
1-2 115.7 16.2 62 25.5 220 6.10 
1-3 128.6 16.2 52 26.0 246 6.10 
1-4 123.3 15.4 56 24.5 242 6.00 
1-5 135.0 17.6 72 32.5 226 6.10 
1-6 120.4 16.2 56 29.0 240 6.05 
1-7 127.9 15.2 72 18.0 182 6.10 
1-8 125.7 17.0 61 26.5 198 6.10 
1-9 114.6 14.0 50 42.0 234 6.10 
1-10 83.7 13.8 55 26.0 212 6.15 
1-11 131.0 15.8 62 26.0 196 6.00 
1-12 116.6 13.6 43 22.0 200 6.10 
1-13 132,3 17.6 54 18.0 216 6.15 
1-14 129.8 17.8 64 28.5 210 6.10 
1-15 123.8 15.6 59 23.5 220 6.10 
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Tmt. Yield Stand, n p k pH 
Site no. bu./A 1000/A pp2ia pp2tn pp2m 
1-16 110.4 16.8 61 22.0 224 6.10 
1-17 112.9 15.6 65 26.0 185 6.05 
1-18 108.8 17.0 62 29.0 277 6.05 
1-19 140.8 15.2 62 27.5 224 6.15 
1-20 134.7 15.2 55 26.0 307 6.20 
1-21 136.2 18.2 56 23.0 236 6.00 
1-22 143.2 16.2 54 27.0 198 6.15 
1-23 95.9 15.4 62 22.0 226 6.15 
1-24 105.4 17.4 57 29.5 242 6.00 
2-1 106.0 15.4 62 22.0 171 6.20 
2-2 125.1 18.0 53 30.5 255 6.10 
2-3 118.3 13.6 70 28.5 275 6.20 
2-4 125.1 17.6 64 34.0 341 5.95 
2-5 130.1 17.2 57 34.0 268 6.15 
2-6 118.2 16.2 54 31.0 246 6.05 
2-7 117.8 14.0 70 30.0 200 6.20 
2-8 120.3 15.6 57 30.0 242 6.05 
2-9 128.2 15.6 67 27.0 178 6.10 
2-10 80.7 15.4 60 25.0 222 6.00 
2-11 137.3 17.2 67 27.0 246 6.10 
2-12 119.6 16.2 53 27.5 244 6.10 
2-13 127.8 16.0 63 38.0 285 6.20 
2-14 122.0 15.4 72 31.5 290 6.15 
2-15 114.6 14.8 52 34.0 279 6.00 
2-16 104.4 15.8 67 28.5 192 6.20 
2-17 94.7 12.4 69 24.0 216 5.90 
2-18 65.7 13.8 62 30.0 228 6.15 
2-19 118.6 15.2 66 29.0 277 6.00 
2-20 130.2 15.8 67 30.5 240 6.10 
2-21 120.9 13.2. 74 36.0 307 6.00 
2-22 135.1 16.6 66 28.5 176 6.10 
2-23 106.1 17.2 67 27.0 257 6.20 
2-24 112.7 15.2 58 26.0 238 6.00 
1-1 156.8 15.0 50 51.0 172 6.50 
1-2 143.5 15.6 49 23.0 171 6.20 
1-3 141.3 15.2 59 30.5 137 6.30 
1-4 156.7 17.0 52 26.0 226 6.50 
1-5 148.5 16.4 50 24.0 126 6.40 
1-6 162.5 16.4 53 27.5 183 6.60 
1-7 150.3 15.6 55 24.0 157 6.20 
1-8 146.7 16.4 55 38.0 17 9 6.50 
1-9 138.6 15.2 55 36.0 17 9 6.55 
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Tmt. Yield. Stand, n p k pH 
Site noo bu,/A 1000/A pp2m pp2m pp2m 
1-10 152.2 15.8 39 22.0 161 6.50 
1-11 142.9 15.4 48 34.0 181 6.50 
1-12 145.9 15.6 52 27.0 18 5 6.60 
1-13 149.1 15.2 52 24.0 138 6.10 
1-14 139.2 14.8 56 23.0 180 6.20 
1-15 139.7 13.8 58 30.5 187 6.50 
1-16 145.3 18.0 53 25.0 181 6.35 
1-17 166.3 16.0 44 25.5 124 6.25 
1-18 117.8 13.6 50 29.0 191 6.45 
1-19 156.7 16.0 71 30.5 148 6.50 
1-20 153.2 17.4 56 26.0 196 6.30 
1-21 163.5 17.0 43 25.0 183 6.40 
1-22 137.9 15.2 53 28.0 177 6.40 
1-23 148.7 14.2 46 29.0 214 6.50 
1-24 150.2 16.4 51 28.0 131 6.00 
2-1 146.5 14.0 53 36.0 214 7.00 
2-2 144.2 15.8 63 39.0 214 6.85 
2-3 157.4 15.2 51 38.0 162 7.30 
2-4 167.2 16.4 53 54.0 225 7.30 
2-5 154.0 15.6 46 27.0 175 6.40 
2-6 129.2 14.8 46 29.0 193 6.60 
2-7 153.0 16.2 61 40.0 196 7.35 
2-8 141.8 15.0 60 46.0 212 7.00 
2-9 151.7 14.6 45 52.0 198 7.40 
2-10 148.8 14.2 55 32.0 193 6.80 
2-11 140.3 13.6 51 37.0 181 6.55 
2-12 134.0 14.4 51 29.0 181 6.75 
2-13 146.6 16.0 59 52.0 231 7.50 
2-14 150.8 16.6 51 29.0 193 6.70 
2-15 144.4 16.0 57 34.0 164 7.30 
2-16 161.5 16.6 42 49.0 235 6,85 
2-17 145.0 16.4 42 27.0 173 6.50 
2-18 142.8 15.4 40 30.0 200 6.50 
2-19 151.6 16.0 55 25.5 162 6.70 
2-20 135.6 15.4 60 45.5 309 6.85 
2-21 148.4 16.0 45 43.0 191 7.25 
2-22 151.4 14.8 40 41.0 171 6.75 
2-23 141.1 15.2 52 24.5 165 6.60 
2-24 133.1 14.8 55 53.0 191 7.20 
1-1 141.8 17.2 49 38.0 146 6.20 
1-2 154.4 18.0 50 40.0 181 6.25 
1-3 144.6 17.8 54 35.0 157 6.35 
1-4 147.2 17.2 55 48.0 196 6.40 
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Tmt. Yield. Stand, n p k pH 
Site no. bu./A 1000/A pp2m pp2m pp2m. 
1-5 146.1 16.8 43 29.0 145 6.15 
1-6 139.2 16.8 60 30.0 12 9 6.10 
1-7 141.7 15.8 52 42.0 173 6.50 
1-8 138.3 17.4 58 36.0 151 6.35 
1-9 141.4 16.4 39 32.0 114 6.10 
1-10 127.7 16.2 57 42.0 167 6.15 
1-11 136.4 16.6 56 51.0 169 5.80 
1-12 143.2 16.8 52 34.0 141 6.30 
1-13 138.3 17.2 48 28.5 141 6.20 
1-14 154.7 16.4 49 44.5 200 6.40 
1-15 151.1 16.4 56 48.0 182 6.15 
1-16 134.0 16.8 56 36.0 143 6.30 
1-17 112.7 15.8 59 44.0 170 6.00 
1-18 134.5 17.2 47 41.0 184 6.10 
1-19 152.8 18.0 52 31.0 122 6.20 
1-20 166.2 17.2 64 52.0 182 6.40 
1-21 131,8 15.8 57 26.5 123 6.20 
1-22 140.9 16.6 49 46.0 212 6.20 
1-23 127.6 17.0 46 30.5 139 6.20 
1-24 138.2 18.6 52 40.0 163 5.90 
2-1 151.4 18.0 41 44.0 216 6.00 
2-2 142.4 17.0 . 54 45.0 212 6.40 
2-3 157.2 17.4 58 78.0 412 6.20 
2-4 161.1 18.2 50 49.0 145 6.30 
2-5 154.4 17.2 61 55.0 342 6.25 
2-6 144.7 19.0 54 41.0 215 6.05 
2-7 155.7 17.2 52 56.0 224 6.50 
2-8 153.4 18.6 66 50.0 226 5.90 
2-9 147.1 17.2 44 54.0 239 5.95 
2-10 133.9 14.6 61 55.0 212 6.40 
2-11 152.4 16.4 45 74.0 408 6.30 
2-12 155.1 17.8 54 47.0 220 6.00 
2-13 155.2 17.4 65 48.0 231 6.00 
2-14 150.9 16.8 62 63.0 288 6.30 
2-15 142.1 17.0 55 48.0 169 6.35 
2-16 146.9 18.2 60 72.0 382 6.10 
2-17 133.5 16.2 59 46.0 169 6.30 
2-18 113.8 14.0 52 58.0 316 6.15 
2-19 155.4 17.2 53 45.0 204 6.30 
2-20 149.8 17.8 49 44.0 220 5.90 
2-21 153.3 17.6 55 78.0 412 6.50 
2-22 141.5 16.4 55 60.0 276 6.00 
2-23 139.3 17.4 54 67.0 196 6.30 
2-24 141.1 18.0 48 48.0 251 5.90 
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Tmt o Yield Stand, n P k pH 
Site no. bu. /A 1000/A pp2m pp2m pp2m 
1—1 1 1
—
1 O
 
1—1 
140.5 15.2 88 38.0 222 6.70 
1-2 125.6 15.2 76 24,5 .181 6.50 
1-3 134.1 13.6 87 27.5 202 6.50 
1-4 148.8 16.6 56 23.5 185 6.90 
1-5 142.3 14.8 65 27.0 173 6.50 
1-6 143.6 15.0 65 23.0 172 6.70 
1-7 142.6 15.2 61 33.0 222 6.50 
1-8 116.3 11.8 78 31.5 190 7.00 
1-9 133.7 15.0 70 33.0 241 6.80 
1-10 130.4 15.2 75 30.5 175 6.70 
1-11 145.9 16.2 62 35.0 208 6.90 
1-12 141.8 15.4 51 24.0 202 6.80 
1-13 129.1 15.2 60 37.0 181 6.80 
1-14 140.9 14.2 63 34.0 135 6.50 
1-15 135.2 15.6 56 25.0 191 7.05 
1-16 149.1 15.8 75 32.0 179 6.65 
1-17 126.9 16.2 65 26.5 194 6.90 
1-18 144.2 15.6 77 36.0 212 6.80 
1-19 146.0 15.6 59 24.5 179 6.60 
1-20 156.3 17.2 77 25.5 225 6.90 
1-21 140.0 16.2 72 28.0 190 6.55 
1-22 154.4 16.8 77 37.0 212 6.60 
1-23 137.6 15.6 61 27.0 196 6.40 
1-24 136.9 16.2 57 44.5 206 7.15 
2-1 145.9 16.2 75 38.0 159 6.70 
2-2 140.2 14.6 71 62.0 187 6.80 
2-3 155.4 17.4 66 28.0 135 6.70 
2-4 143.1 15.6 51 23.5 179 6.50 
2-5 142.3 16.0 72 38.0 173 6.90 
2-6 153.1 16.4 76 31.5 181 6.70 
2-7 132.2 12.6 60 46.0 206 6.80 
2-8 140.3 14.8 88 31.0 212 6.55 
2-9 133.0 14.6 81 47.0 240 6.90 
2-10 146.6 15.0 69 34.0 225 6.60 
2-11 152.5 16.8 72 85.0 212 6.90 
2-12 128.0 14.8 65 42.0 202 6.80 
2-13 122.2 13.6 56 23.0 157 6.55 
2-14 139.4 14.0 71 42.0 154 6.70 
2-15 128.2 15.8 72 46.0 159 6.80 
2-16 144.4 16.2 81 30.0 210 6.55 
2-17 123.5 14.0 76 44.0 200 6.90 
2-18 144.5 16.0 75 31.5 187 6.65 
2-19 149.6 15.6 71 40.0 206 6.80 
2-20 147.3 15.8 70 27.0 185 6.60 
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Tmt. 
Site no. 
Yield 
bu./A 
Stand, 
1000/A 
n 
pp2m 
P 
pp2tn 
k 
pp2m 
pH 
10 2-21 114.9 14.0 77 56.0 166 7.05 
2-22 135.8 15.0 70 39.0 190 6.60 
2-23 137.3 14.2 76 40.0 225 6.70 
2-24 140.3 13.8 73 45.0 206 6.70 
11 1-1 132.1 13.8 58 24.0 225 6.70 
1-2 125.0 12.6 65 23.0 231 6.50 
1-3 149.6 14.8 76 39.0 345 6.80 
1-4 141.5 13.0 73 32.0 276 6.80 
1-5 143.4 14.0 73 28.0 261 6.80 
1-6 152.6 15.0 76 38.0 263 6.70 
1-7 132.4 13.0 78 20.5 262 6.35 
1-8 130.7 12.6 84 37.0 306 6.50 
1-9 141.7 13.2 75 29.0 290 6.90 
1-10 114.6 14.0 77 24.5 265 6.60 
1-11 139.9 14.4 77 26.0 227 6.50 
1-12 114.0 11.4 73 22.0 260 6.60 
1-13 143.6 15.2 60 24.5 263 6.60 
1-14 124.1 14.8 85 21.5 279 6.60 
1-15 139.4 13.6 78 32.0 293 6.75 
1-16 139.8 13.0 81 16.0 196 6.55 
1-17 126.3 12.2 70 30.0 272 6.60 
1-18 128.6 12.6 66 26.0 212 6.80 
1-19 156.1 14.2 61 23.0 297 6.80 
1-20 146.4 15.2 86 42.0 339 6.80 
1-21 140.5 14.0 75 22.0 257 6.80 
1-22 127.7 13.6 57 24.5 229 6.65 
1-23 125.0 13.8 84 10.5 227 6.40 
1-24 129.4 12.6 69 31.0 265 6.80 
2-1 148.3 14.2 91 37.0 303 6.70 
2-2 128.4 13.6 82 41.0 306 6.90 
2-3 149.3 14.6 85 45.5 363 6.75 
2-4 130.6 11.6 81 31.0 339 6.85 
2-5 141.8 13.4 - - 91 45.5 330 6.60 
2-6 136.3 13.8 73 25.5 251 6.90 
2-7 138.0 14.4 75 45.0 359 6.95 
2-8 139.9 12.4 98 44.5 392 7.00 
2-9 129.7 13.2 84 40.0 341 7.00 
2-10 119.9 13.4 81 45.0 320 6.90 
2-11 134.0 12.8 84 42.0 300 6.85 
2-12 113.6 14.4 87 43.0 278 6.70 
2-13 139.3 13.0 100 34.0 354 6.90 
2-14 154.9 13.6 84 43.0 318 6.75 
2-15 126.4 13.0 82 30.5 310 6.85 
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Tmt. Yield Stand, n P k pH 
Site nOo bu./A 1000/A pp2m pp2m pp2m 
11 2-16 119.3 1 2 . 8  74 37.7 341 6 . 5 5  
2-17 112.0 12.6 81 41.0 359 6.50 
2-18 111.8 10.6 9 8  45.0 3 2 2  6.45 
2-19 142.6 14.2 9 9  5 0 . 0  342 6 . 6 0  
2 - 2 0  142.3 13.4 97 49.0 381 7 . 0 0  
2-21 131.3 13.6 81 52.0 408 6.50 
2-22 153.1 15.6 8 2  30.0 297 6.85 
2 - 2 3  130.1 13.4 102 30.5 377 7.00 
2-24 133.3 13.2 9 6  50.0 333 6 . 7 0  
12 1-1 143.2 14.4 6 2  34 241 7.15 
1-2 134.3 13.4 6 0  23 2 2 2  6 . 8 0  
1-3 142.9 15.0 6 0  39 204 7.40 
1-4 149.8 15.0 61 35 305 6.80 
1-5 129.9 13.4 58 30 2 7 4  7.00 
1-6 128.8 14.2 63 2 0  2 7 8  6.70 
1-7 1 3 8 . 3  15.2 48 30 296 6.50 
1-8 136.3 14.0 62 45 206 7.35 
1-9 159.5 15,2 57 27 245 6 . 7 0  
1-10 142.9 1 4 . 8  77 41 210 7.35 
1-11 132.5 14.2 49 35 220 6 . 9 0  
1-12 137.7 15.2 70 3 8  261 7.40 
1-13 141.7 1 4 . 2  56 2 6  245 7.00 
1-14 136.2 14.6 6 6  30 222 7 . 4 0  
1-15 148.9 14.4 57 34 270 7.05 
1-16 129.9 14.2 6 8  34 2 5 0  7.15 
1-17 126.1 • 13.6 6 0  25 247 6.90 
1-18 145.2 15.4 7 9  43 261 7.30 
1-19 132.5 14.6 52 27 2 4 7  6.70 
1-20 133.5 14.6 53 30 2 2 9  6 . 8 0  
1-21 1 3 2 . 0  14.8 72 32 243 7.20 
1 - 2 2  140.1 14.6 60 2 6  241 7 . 0 0  
1-23 1 3 1 . 8  14.4 6 8  32 239 7.25 
1-24 121.6 13.6 6 7  2 6  305 6.60 
2-1 1 3 9 . 7  14.4 63 21 264 6 . 2 0  
2-2 1 2 9 . 1  14.0 74 24 320 5.90 
2 - 3  144.5 14.8 58 26 340 6.35 
2-4 138.6 14.6 6 6  17 210 6.50 
2-5 119.8 14.6 70 24 294 6.45 
2 - 6  131.9 15.2 6 0  24 302 6.40 
2 - 7  132.2 14.4 72 27 391 6.40 
2-8 131.5 • 16.4 79 25 2 7 5  5.90 
2-9 145.0 15.6 73 18 253 6 . 7 0  
2 - 1 0  1 2 2 . 1  13.6 73 25 303 6.60 
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Tmt. Yield Stand n P k pH 
Site no. bu./A 1000/A pp2m pp2m pp2m 
12 2-11 131.9 14.6 66 22 2 8 9  6 . 3 0  
2-12 139.8 15.2 71 25 2 8 9  6 . 2 0  
2-13 136.0 14.8 66 2 2  2 6 8  6.60 
2-14 124.9 14.8 65 24 3 2 2  6 . 2 0  
2-15 139.9 14.2 62 21 231 6 . 0 0  
2-16 1 4 0 . 2  14.0 67 25 241 6.50 
2-17 133.1 14.4 6 6  26 3 7 2  6 . 2 0  
2 - 1 8  1 3 9 . 4  13.8 7 0  25 2 8 0  6.40 
2-19 135.4 15.0 60 24 254 6 . 3 0  
2-20 147.1 16.2 67 22 258 6.10 
2-21 1 3 6 . 2  1 3 . 8  6 9  24 285 6 . 2 0  
2-22 1 2 8 . 2  14.8 65 24 295 6 . 5 0  
2-23 1 2 2 . 6  15.2 59 23 265 6.05 
2-24 1 2 7 . 3  1 4 . 8  71 34 258 6.70 
13 1-1 115.9 18.4 34 19.0 80 6.50 
1-2 1 0 0 . 0  18.8 39 2 2 . 0  120 6,60 
1-3 96.0 17.6 3 8  21.0 92 6 . 5 0  
1-4 1 0 5 . 3  18.6 34 23.5 132 6 . 4 5  
1-5 117.5 17.6 50 19.5 110 6 . 4 0  
1-6 116.1 17.0 48 2 1 . 5  139 6.55 
1-7 123.8 18.0 39 19.5 93 6.40 
1-8 1 1 8 . 3  16.8 35 19.0 150 6.50 
1-9 116.9 17.8 46 20.0 114 6.60 
1-10 75.2 17.2 49 25.0 142 6 . 2 0  
1-11 124.0 18.0 48 1 8 . 5  120 6.55 
1-12 1 2 7 . 2  18.4 4 8  25.5 158 6 . 3 0  
1-13 114.1 1 8 . 6  36 2 3 . 0  108 6 . 3 5  
1-14 113.2 18.4 3 8  23.5 115 6 . 2 0  
1-15 120.2 18.8 3 8  22.0 156 6.50 
1-16 107.5 19.6 2 8  21.0 99 6.35 
1-17 70.9 16.8 43 20.5 126 6 . 4 5  
1-18 76.3 19.0 43 1 8 . 0  102 6.60 
1-19 126.3 18.0 39 21.0 126 6 . 6 0  
1-20 134.1 18.0 48 2 3 . 0  120 6 . 3 0  
1-21 1 3 3 . 9  19.6 3 8  2 3 . 0  130 6.50 
1-22 1 2 3 . 1  17.0 29 19.0 9 8  6.50 
1-23 83.5 16.6 37 1 9 . 5  112 6.55 
1-24 8 2 . 2  1 7 . 8  50 22.0 92 6 . 5 0  
2-1 106.3 19.6 37 2 0 . 0  132 6.60 
2-2 1 0 2 . 7  18.4 46 19.5 110 6.45 
2-3 93.5 18.4 45 23.0 141 6.55 
2-4 103.4 18.4 31 1 9 . 0  90 6.45 
2-5 138.9 2 0 . 4  50 19.0 94 6.50 
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Tmt. Yield Stand, n P k pH 
Site no. bu, /A 1000/A pp2m pp2ra pp2m 
13 2-6 124.8 17.2 42 20.0 110 6.50 
2-7 129.1 18.4 51 20.0 134 6.55 
2-8 139.2 20.8 46 23.5 106 6.50 
2-9 123.3 19.0 43 22.0 116 6.50 
2-10 80.7 17.8 36 20.0 120 6.50 
2-11 143.8 19.0 38 24.5 100 6.50 
2-12 126.9 19.6 44 21.5 121 6.50 
2-13 117.1 19.6 37 20.0 108 6.50 
2-14 130.3 18.8 38 19.5 90 6.50 
2-15 123.2 18.8 35 17.5 128 6.60 
2-16 82.5 18.2 53 20.0 122 6.60 
2-17 74.5 19.2 37 24.5 100 6.55 
2-18 83.4 19.0 35 22.5 94 6.40 
2-19 129,5 18.0 43 21.0 116 6.60 
2-20 129.8 20.4 49 19.0 114 6.50 
2-21 126.7 17.8 35 18.5 100 6.55 
2-22 133.5 18.0 42 20.0 99 6.50 
2-23 77.8 18.4 38 19.0 104 6.60 
2-24 88.7 19.4 33 21.0 109 6.50 
14 1-1 90.9 15.6 117 24 362 6.85 
1-2 94.1 18.6 54 18 339 5.50 
1-3 114.5 17.8 64 21 386 5.90 
1-4 89.9 16.2 61 16 370 5.40 
1-5 83.5 15.6 53 18 408 5.35 
1-6 92.5 14.8 60 23 365 5.70 
1-7 96.0 15.2 66 18 333 5.65 
1-8 86.3 16.0 54 21 400 6.50 
1-9 94.8 16.2 65 24 402 6.95 
1-10 105.6 17.0 66 15 319 6.90 
1-11 86.0 16.0 137 26 416 5.85 
1-12 98.1 17.2 55 16 296 7.00 
1-13 92.7 17.0 80 14 315 6.80 
1-14 88.1 17.4 87 17 348 5.60 
1-15 97.8 16.8 98 18 388 6.30 
1-16 90.4 17.6 66 14 322 6.80 
1-17 95.8 16.0 99 16 414 6.45 
1-18 89.9 16.8 88 15 336 5.65 
1-19 89.6 18.6 53 18 331 5.55 
1-20 94.8 17.4 45 12 248 6.90 
1-21 95.7 18.0 93 20 355 6.10 
1-22 106.6 17.6 79 19 370 5.85 
1-23 109.5 18.2 57 18 347 5.40 
1-24 93.5 16.6 71 18 318 5.50 
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Tmt. Yield Stand, n p k pH 
Site no. bu./A 1000/A pp2m pp2m pp2m 
2-1 104.9 17.6 96 15 363 6.25 
2-2 74.0 15.6 77 17 387 6.15 
2-3 103.6 18.0 56 24 412 6.55 
2-4 81.8 19.2 86 18 388 6.50 
2-5 95.0 18.0 78 15 341 6.45 
2-6 92.0 15.6 89 23 377 6.25 
2-7 96.7 19.2 76 18 364 6.50 
2-8 90.1 16.8 83 15 389 6.45 
2-9 99.8 15.2 108 25 384 6.85 
2-10 94.0 17.0 43 31 412 6.65 
2-11 102.6 17.2 81 24 398 6.35 
2-12 102.7 16.2 142 25 357 6.65 
2-13 97.3 17.2 101 27 412 6.60 
2-14 102.7 18.6 84 19 384 6.50 
2-15 95.1 18.0 101 23 391 6.50 
2-16 78.1 17.4 88 19 412 6.60 
2-17 90.8 16.4 70 23 412 6.75 
2-18 83.4 15.2 56 17 392 6.45 
2-19 106.4 15.2 79 22 369 6.45 
2-20 79.0 14.6 89 19 367 6.55 
2-21 73.9 17.4 99 19 412 6.40 
2-22 87.0 19.2 89 16 382 6.60 
2-23 100.0 14.2 87 26 412 6.60 
2-24 81.0 15.8 78 18 401 6.50 
1-1 73.7 13.4 37 15 315 6.05 
1-2 81.7 12.6 39 21 261 6.10 
1-3 80.1 11.8 41 15 296 6.10 
1-4 77.6 13.8 43 13 263 6.05 
1-5 70.6 15.8 46 15 346 6.00 
1-6 78.7 13.6 35 11 237 6.15 
1-7 83.4 15.6 • 36 13 266 6.15 
1-8 73.1 14.4 41 22 282 6.10 
1-9 95.1 13.0 45 13 258 6.10 
1-10 62.9 13.2 47 13 262 6.15 
1-11 67.1 10.6 43 14 260 6.20 
1-12 83.6 12.4 50 16 295 6.10 
1-13 77.3 14.0 28 15 245 6.10 
1-14 73.6 14.0 45 22 304 6.10 
1-15 98.9 14.8 41 16 296 6.10 
1-16 68.1 14.2 31 15 260 6.15 
1-17 73.8 12.0 31 11 254 6.10 
1-18 93.0 16.2 46 25 304 6.95 
1-19 79.4 11.4 39 17 342 6.05 
1-20 63.3 14.0 40 20 260 6.20 
147 
Table 21 (Continued) 
Tmt. Yield Stand, n P k pH 
Site no. bu. /A 1000/A pp2m pp2m pp2m 
15 1-21 92.7 15.6 35 24 291 6.10 
1-22 79.7 16.0 21 13 230 6.15 
1-23 80.3 13.6 30 16 248 6.10 
1-24 88.0 13.4 31 14 256 6.15 
2-1 81.1 15.2 41 15 408 6.05 
2-2 95.6 14.2 56 16 334 6.05 
2-3 71.0 13.8 43 16 323 6.15 
2-4 77.3 14.2 45 13 340 6.10 
2-5 54.1 11.2 48 16 367 6.05 
2-6 82.9 14.4 47 19 408 6.06 
2-7 88.6 14.6 50 13 268 6.05 
2-8 63.1 15.0 39 17 408 6.25 
2-9 87.4 13.6 39 13 276 6.05 
2-10 85.6 14.0 34 15 315 6.10 
2-11 77.8 14.8 43 19 408 6.05 
2-12 64.2 13.8 50 15 389 6.00 
2-13 84.1 14.6 42 16 408 6.15 
2-14 85.7 14.4 57 16 398 6.05 
2-15 68.6 13.6 43 17 408 6.20 
2-16 71.6 12.6 40 14 269 5.95 
2-17 57.5 12.0 37 17 295 6.05 
2-18 79.7 13.6 49 16 408 6.05 
2-19 64.3 13.8 58 17 408 6.10 
2-20 57.2 12.8 44 16 367 6.00 
2-21 77.9 14.0 43 30 401 6.05 
2-22 72.7 13.6 67 16 408 6.10 
2-23 88.5 14.4 40 15 350 6.10 
2-24 65.6 12.8 67 24 408 6.10 
16 1-1 118.1 13.4 63 14 165 6.85 
1-2 107.0 14.8 47 14 152 6.70 
1-3 135.4 14.5 51 17 120 6.50 
1-4 114.4 14.2 55 19 134 6.50 
1-5 123.8 15.0 61 17 150 6.70 
1-6 117.8 13.2 61 14 132 6.75 
1-7 122.5 15.0 40 15 154 6.65 
1-8 118.9 13.8 56 16 149 6.55 
1-9 133.8 14.8 49 17 178 6.80 
1-10 125.6 15.2 38 14 124 6.45 
1-11 119.6 14.4 53 14 158 6.75 
1-12 122.4 14.6 44 18 187 6.45 
1-13 120.4 16.8 43 14 136 6.75 
1-14 125.1 15.4 49 17 134 6.30 
1-15 120.6 14.8 47 14 138 6.55 
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Tmt. Yield Stand, n p k pH 
Site no. bu./A lOOO/A pp2m pp2m pp2m 
1-16 117.7 14.8 53 16 175 6.60 
1-17 118.0 14.2 54 17 160 6.55 
1-18 126.6 16.0 70 15 165 6.55 
1-19 126.0 14.8 50 14 176 6.55 
1-20 121.7 14.4 54 17 130 6.55 
1-21 129.1 14.4 50 18 130 6.30 
1-22 132.1 14.6 55 15 166 6.40 
1-23 134.5 15.8 58 17 162 6.45 
1-24 126.7 14.6 50 16 158 6.65 
2-1 135.0 15.2 55 15 162 6.65 
2-2 143.5 16.6 43 16 144 6.65 
2-3 129.1 13.8 62 14 223 6.90 
2-4 130.4 14.4 46 17 178 6.80 
2-5 136.5 14.6 63 15 161 6.70 
2-6 141.9 16.2 61 14 190 6.60 
2-7 119.1 14.2 47 15 227 6.40 
2-8 139.5 15.4 54 17 212 6.70 
2-9 116.4 13.4 54 15 197 6.55 
2-10 110.5 14.6 49 15 164 6.65 
2-11 137.9 15.4 68 16 202 6.75 
2-12 133.7 15.8 42 17 163 6.45 
2-13 133.7 16.0 52 17 208 6.30 
2-14 124.7 16.6 61 17 180 6.70 
2-15 131.3 14.4 56 15 173 6.50 
2-16 118.4 15.0 51 17 153 6.85 
2-17 111.0 15.4 55 16 154 6.55 
2-18 114.7 13.4 62 18 166 6.85 
2-19 135.0 15.8 42 16 156 6.55 
2-20 132.9 15.0 58 16 186 6.65 
2-21 130.2 14.4 46 15 131 6.60 
2-22 140.3 15.4 65 16 189 6.55 
2-23 120.7 14.6 47 16 -181 6.65 
2-24 127.4 15.2 46 19 194 6.55 
1-1 95.3 13.2 42 12 132 6.85 
1-2 104.7 14.4 65 13 100 7.15 
1-3 113.0 16.8 59 16 157 6.65 
1-4 117.9 15.6 84 14 116 6.70 
1-5 118.2 14.8 77 15 92 6.65 
1-6 87.0 13.8 84 14 118 6.90 
1-7 88.1 14.0 85 15 112 6.60 
1-8 109.6 14.6 80- 12 138 6.80 
1-9 112.0 15.4 75 12 79 6.80 
1-10 91.0 12.6 52 12 112 ' 6.65 
149 
Table 21 (Continued) 
Tmt. Yield Stand, n p k pH 
Site no. bu,/A 1000/A pp2m pp2m pp2m 
1-11 108.4 1 4 . 0  37 14 78 6.75 
1-12 105.9 13.2 6 3  15 119 6.75 
1-13 103.6 13.2 54 11 106 6 . 7 0  
1-14 9 1 . 2  12.6 5 8  14 110 7.05 
1-15 99.5 14.2 39 13 102 6 . 9 0  
1-16 94.2 14.8 54 16 125 6.85 
1-17 7 8 . 6  12.0 37 12 95 6 . 5 5  
1-18 99.1 1 4 . 0  85 13 84 6.80 
1-19 103.0 14.0 6 8  14 110 6 . 9 0  
1-20 9 9 . 2  14.6 41 13 100 6 . 8 5  
1-21 103.0 14.4 54 14 108 6.70 
1 - 2 2  108.1 14.0 6 6  13 111 6 . 8 0  
1-23 85.0 1 2 . 2  3 5  13 108 6 . 9 5  
1-24 105.9 16.4 6 8  14 108 6o 65 
2-1 9 9 . 0  13.4 8 6  13 113 7.15 
2-2 1 2 0 . 9  14.6 6 7  14 104 7 . 0 5  
2-3 112.1 13.4 99 18 105 6.55 
2-4 73.2 10.4 84 14 106 6.50 
2-5 104.7 14.6 71 15 110 6.50 
2-6 115.3 14.6 94 17 12 9 6 . 8 5  
2-7 114.3 13.2 8 3  15 138 F. 50 
2 - 8  115.8 14.6 8 3  13 108 6 . 7 5  
2 - 9  115.2 13.8 75 14 143 6.70 
2-10 104.9 15-.0 45 16 9 9  6.45 
2-11 108.3 15.4 57 14 113 6.50 
2-12 130.5 16.0 79 16 105 6.55 
2-13 89.5 13.4 32 17 104 6.35 
2-14 105.3 13.6 80 13 107 6.85 
2-15 9 9 . 0  14.2 49 17 125 6.85 
2-16 118.4 16.0 72 12 110 6.65 
2-17 1 2 0 . 6  14.6 64 13 8 9  6.95 
2-18 6 8 . 8  13.2 42 18 104 6.50 
2-19 9 6 . 8  1 2 . 6  8 0  18 130 6.45 
2-20 101.9 13.8 73 16 115 6.40 
2-21 95.8 12.6 51 14 115 6.55 
2 - 2 2  98.4 12.8 44 15 97 6.40 
2-23 9 6 . 3  13.2 44 17 104 6 . 7 5  
2-24 72.6 14.0 4 8  18 101 6.40 
1-1 149.0 1 6 . 6  70 2 8  220 7.20 
1-2 1 2 6 . 9  14.4 44 21 191 7.00 
1-3 153.3 16.6 8 1  23 169 7.00 
1-4 120.4 13.6 52 21 183 7.10 
1-5 139.1 1 6 . 2  55 18 145 7.00 
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Table 21 (Continued.) 
Tmt. Yield Stand, n P k pH 
Site no. bu. /A 1000/A pp2ra pp2m pp2m 
18 1-6 145.2 16.2 67 23 208 7.00 
1-7 140.4 16.0 71 52 224 7.20 
1-8 143.4 15.6 42 13 230 7.10 
1-9 144.8 16.2 62 26 187 7.20 
1-10 110.7 15.2 52 68 303 7.30 
1-11 143.3 15.8 68 46 300 7.30 
1-12 146.7 15.6 73 51 312 7.15 
— 1-13 146.8 15.4 48 26 153 7.15 
1-14 125.3 15.8 31 20 160 7.10 
1-15 146 o 9 15.2 67 32 225 7.25 
1-15 128.5 15.4 45 17 152 7.05 
1-17 132.0 15.0 71 28 164 7.30 
1-18 124.9 15.2 62 28 210 7.00 
1-19 134.1 15.2 67 29 216 7.15 
1-20 134.3 15.4 65 27 182 7.20 
1-21 141.0 16.2 50 19 166 7.10 
1-22 150.7 16.6 - 71 38 224 7.10 
1-23 111.0 13.8 76 44 294 7.30 
1-24 127.1 15.2 59 16 168 7.15 
2-1 134.6 16.4 66 16 173 6.70 
2-2 130.0 15.2 67 21 183 6.95 
2-3 132.8 15.4 65 17 221 6.95 
2-4 149.5 16.2 66 18 183 7.10 
2-5 130.8 15.4 52 16 127 7.15 
2-6 146.6 15.0 69 19 167 7.15 
2-7 138.1 15.8 53 16 192 6.85 
2-8 140.7 16.0 70 18 170 7.10 
2-9 147.1 16.2 55 14 195 6.80 
2-10 140.5 15.2 59 18 230 6.90 
2-11 143.2 15.2 42 17 175 6.75 
2-12 136.3 16.6 43 17 191 7.05 
2-13 139.3 15.8 57 16 223 6.90 
2-14 121.3 14.4 66 18 180 7.05 
2-15 142.9 15.8 57 17 148 7.10 
2-16 136.4 15.0 78 20 221 7.00 
2-17 138.2 15.2 48 17 17 5 7.10 
2-18 134.6 15.0 47 18 189 7.00 
2-19 133.0 14.6 49 16 295 6.80 
2-20 135.0 16.8 55 17 270 6.90 
2-21 119.4 13.2 66 16 166 7.00 
2-22 125.4 14.0 43 13 179 6.90 
2-23 125.6 15.4 63 18 191 7.00 
2-24 120.7 14.4 66 21 142 7.10 
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Table 21 (Continued) 
Tmt. Yield Stand, n P k pH 
Sit^ e no. bu. /A 1000/A pp2m pp2m pp2tn 
19 1-1 107.6 16.6 30 2 4  2 2 6  7.00 
1-2 101.7 1 7 . 2  41 17 194 7.15 
1-3 98.1 1 9 . 8  43 20 175 6.85 
1-4 104.9 15.4 42 36 194 6 . 9 0  
1-5 112.6 1 8 . 2  37 19 197 7.10 
1-6 116.5 19.0 2 9  2 8  2 0 2  7,05 
1-7 1 1 2 . 3  16.8 45 15 168 7.10 
1-8 109.6 16.6 31 2 9  152 7 . 0 0  
1-9 107.9 1 6 . 6  32 13 160 6 . 9 0  
1-10 1 0 3 . 8  17.4 40 23 — 212 7 . 0 0  _ _  
1-11 109.2 1 6 . 8  46 19 2 0 2  7 . 0 0  
1-12 107.5 1 6 . 6 .  35 37 188 6.95 
1-13 103.8 18.6 44 15 154 7.15 
1-14 112,4 16.6 47 22 2 2 5  6 . 9 0  
1-15 9 2 . 7  14.4 3 6  27 192 6.80 
1-16 101.6 15.6 32 13 183 7.00 
1-17 107.5 15.4 41 25 192 7.05 
1-18 122,0 1 7 . 2  35 13 158 6.90 
1-19 125.7 17.8 41 21 242 6.85 
1-20 97.4 17.4 32 19 165 7.00 
1-21 124.6 16.2 30 15 195 7.10 
1-22 103,8 15.4 49 19 182 6.85 
1-23 99.4 15.0 42 15 201 7.05 
1-24 116.5 18.0 42 17 163 7.05 
2-1 107.7 1 7 . 6  37 41 170 6 . 9 0  
2 - 2  104.2 17.0 2 8  2 8  165 6.95 
2-3 110.3 2 0 . 0  32 19 2 0 8  6 . 9 0  
2-4 114,1 1 7 . 2  2 9  17 196 6.70 
2-5 102,2 16.0 42 23 191 6.95 
2 - 6  102.7 1 8 . 2  48 24 184 6 . 8 0  
2-7 120.3 1 7 . 0  25 21 1 7 2  6 . 9 0  
2 - 8  1 2 9 . 5  1 9 . 6  31 24 178 6 . 8 5  
2 - 9  107.5 14.6 45 21 243 6 . 9 0  
2-10 121.1 19.4 2 8  20 187 6.75 
2-11 125.1 20.4 34 2 6  171 6.85 
2-12 110.1 1 7 . 2  36 1 8  1 7 2  6 . 7 5  
2-13 120.8 15.6 6 0  24 187 6.95 
2-14 113.5 17.2 35 1 8  175 6.95 
2-15 109.3 16.4 20 22 195 6.85 
2-16 121.7 16.4 36 17 140 6 . 8 5  
2-17 101,9 17.0 37 18 214 6.95 
2-18 1 2 1 , 0  16.4 33 36 191 6.65 
2-19 97.5 15.6 30 17 181 6 . 7 5  
2 - 2 0  90.5 15.2 25 19 199 6.80 
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Tmt. Yield Stand, n P k p H  
Site no. bu,/A 1000/A p p 2 m  p p 2 m  p p 2 m  
19 2-21 119.6 1 9 . 0  44 24 212 6.85 
2 - 2 2  116.1 17.2 37 19 17 9 6 . 9 5  
2 - 2 3  108,3 19.0 53 36 179 7.15 
2 - 2 4  115.2 18.6 30 29 180 7.00 
20 1-1 1 3 4 . 3  14.4 34 23 147 6 . 7 0  
1-2 1 2 7 . 8  14.0 32 14 134 6.65 
1-3 113.7 1 3 . 2  40 26 146 6 . 8 0  
1-4 135.5 14.2 33 29 153 6.75 
1-5 127.6 1 4 . 6  45 22 172 6.65 
1-6 147.5 14.6 41 16 164 6.65 
1-7 153.8 15.8 41 25 199 6 . 8 5  
1-8 134,6 1 5 . 8  43 18 147 6.75 
1-9 141.8 14.0 41 25 155 6.85 
1-10 9 8 . 0  13.0 51 19 173 6 . 8 0  
1-11 129.2 14.2 32 23 176 6.60 
1-12 141.0 15.2 35 17 171 6 . 7 0  
1-13 138.4 15.4 48 26 189 6.85 
1-14 128.7 15.0 49 42 221 6 . 7 5  
1-15 150.5 15.8 37 23 200 6,80 
1-16 105.5 13.4 23 18 137 6.75 
1-17 106.7 13,4 35 16 132 7.05 
1-18 111.5 14.4 47 21 150 6 . 8 0  
1-19 1 3 2 . 7  15.0 30 19 172 6.65 
1-20 149.1 15.4 45 36 221 6.90 
1-21 1 3 2 . 8  14,2 49 25 124 6.90 
1-22 149.5 16.2 37 21 152 6 . 7 0  
1-23 105.4 13,0 41 26 158 6.70 
1-24 1 2 5 . 3  14,2 3 8  22 182 6.75 
2-1 126.0 1 2 , 6  34 27 168 6.85 
2 - 2  148.9 1 5 . 8  3 9  11 170 6.90 
2-3 128.5 1 5 . 2  3 2  22 152 7 . 0 5  
2-4 127.5 15.0 29 29 143 7.15 
2-5 138.5 15.0 25 18 165 6 . 9 0  
2 - 6  140.6 14.4 29 26 159 7.10 
2-7 154.4 15.8 39 2 8  170 7.10 
2-8 141.3 14.2 45 25 178 6 . 9 0  
2 - 9  124.0 13.0 25 11 127 6 . 9 0  
2 - 1 0  1 2 7 . 0  14.4 47 12 171 6 . 9 5  
2-11 149.0 15.0 26 17 141 6.75 
2 - 1 2  137.8 16.8 32 21 171 6 . 9 5  
2 - 1 3  1 3 2 . 6  14.6 39 26 194 7.10 
2-14 1 3 9 . 0  1 6 . 0  2 8  15 186 6.80 
2-15 130.9 14.2 35 29 170 7.10 
Table 21 (Continued) 
Tmt. Yield Stand n p k pH 
Site no. bu./A 1000/A pp2m pp2m pp2m 
2-16 122.5 14.0 39 35 196 6.90 
2-17 112.4 13.4 41 19 163 7.00 
2-18 129.0 13.6 30 26 178 6.90 
2-19 139.3 14.4 30 23 153 6.80 
2-20 139.4 14.8 47 26 17 9 6.95 
2-21 136.6 15.0 39 19 141 6.95 
2-22 160.4 16.2 27 12 163 6.85 
2-23 113.5 14.6 41 30 150 7.10 
2-24 121.4 13.4 38 21 150 6.90 
1-1 75.3 14.8 26 12 100 6.30 
1-2 100.5 17.0 25 19 113 6.10 
1-3 97.6 15.9 33 18 109 6.25 
1-4 90.2 17.0 63 16 100 5.85 
1-5 98.8 17.0 29 18 114 6.10 
1-6 88.9 15.4 45 17 98 6.10 
1-7 110.7 16.6 39 16 107 6.30 
1-8 98.8 15.6 27 17 92 6.30 
1-9 96.9 16.7 37 19 128 6.20 
1-10 73.6 14.6 31 16 101 6.25 
1-11 97.8 16.0 54 16 96 6.15 
1-12 66.6 16.0 31 19 108 6.20 
1-13 98.9 16.0 43 17 117 6.25 
1-14 99.5 15.6 41 12 88 6.30 
1-15 104.3 18.8 41 15 102 6.35 
1-16 74.0 15.6 26 19 114 6.10 
1-17 63.2 14.4 38 19 103 6.45 
1-18 77.8 15.0 51 17 135 6.25 
1-19 63.2 17.6 40 19 111 6.25 
1-20 58.3 15.0 53 17 111 6.20 
1-21 105.1 15.6 53 19 109 6.30 
1-22 109.8 15.6 25 14 113 6.35 
1-23 105.1 16.8 39 20 143 6.20 
1-24 69.3 15.8 27 17 109 6.20 
2-1 95.2 17.6 25 15 93 6.20 
2-2 98.2 15.4 41 16 102 6.15 
2-3 101.4 15.2 20 18 107 5.95 
2-4 99.5 15.2 31 18 122 6.05 
2-5 99.4 18.4 41 15 124 6.10 
2-6 98.8 15.8 17 14 90 6.15 
2-7 112.9 17.6 43 17 121 6.00 
2-8 107.1 16.4 39 16 116 6.00 
2-9 100.7 16.0 26 17 114 6.25 
2-10 99.7 18.6 29 16 102 6.05 
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Table 21 (Continued.) 
Tmt. Yield Stand., n P k pH 
Site no. bu. /A 1000/A pp2ta pp2m pp2m 
21 2-11 106.4 16.6 44 15 95 6.00 
2-12 6 2 . 8  17.2 25 15 91 6.15 
2-13 1 0 6 . 1  16.6 41 12 97 6.05 
2-14 1 0 0 . 2  17.6 25 11 114 6.15 
2-15 109.3 17.4 31 11 116 6 . 1 0  
2-16 74.1 14.4 46 17 136 6.05 
2-17 83.5 16.8 29 11 94 6.00 
2-18 94.0 18.0 31 18 120 6.05 
2-19 50.4 16.6 37 16 108 6 . 0 5  
2-20 66.3 13.2 18 15 117 6.15 
2-21 111.7 15.8 29 16 106 6.00 
2-22 117.3 17.6 39 15 116 6 . 2 0  
2-23 5 8 . 8  15.2 34 15 120 6.25 
2-24 62.4 14.4 31 14 97 6.05 
22 1-1 90.1 11.6 50 24 3 8 9  5.95 
1-2 104.0 12.6 3 2  21 3 9 8  6.05 
1-3 95,1 13.0 26 27 400 6.00 
1-4 100.1 1 2 . 2  32 23 400 6.05 
1-5 9 1 . 9  13.2 37 2 9  391 5.95 
1-6 9 6 . 6  11.8 63 21 400 6.00 
1-7 95.6 1 2 . 6  47 20 3 8 2  6.05 
1-8 9 6 . 9  13.0 35 25 400 5.90 
1-9 101.4 1 3 . 0  47 27 382 5.90 
1-10 93.5 13.4 32 27 400 6.05 
1-11 105.1 13.2 52 2 6  400 5 . 9 5  
1-12 106.9 12.8 2 3  27 3 7 9  5.95 
1-13 100.7 13.4 2 8  22 393 6.05 
1-14 9 8 . 4  1 2 . 8  44 3 3  400 5.95 
1-15 1 0 4 . 8  1 2 . 4  43 29 400 5.90 
1-16 100.3 13.4 20 26 400 6 . 0 0  
1-17 103.3 14.0 3 8  25 400 5.95 
1-18 91.0 12.6 2 9  29 400 - - 6 . 0 0  
1-19 100.3 13.8 2 3  28 3 8 6  5.90 
1-20 1 0 9 . 0  1 3 . 0  23 25 385 6.00 
1-21 95.6 12.8 55 25 400 6.00 
1-22 110.5 14.6 31 19 3 6 8  6 . 0 0  
1-23 95.9 1 2 . 2  2 8  25 400 5.95 
1-24 93.5 12.0 27 2 6  3 8 3  5.90 
2-1 1 0 8 . 3  1 3 . 6  46 24 3 8 9  
2-2 104.5 1 3 . 6  46 27 400 
2-3 8 0 . 6  11.2 47 2 9  368 
2-4 9 9 . 8  14.8 34 26 3 9 9  
2-5 94.0 13.4 32 3 8  400 
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Table 21 (Continued) 
Tmt. Yield Stand, n p k pH 
Site no, bu./A 1000/A pp2ia pp2m pp2m 
2 - 6  98.7 13.6 52 2 8  400 
2-7 85.0 12.8 34 27 378 
2 - 8  9 4 . 7  11.0 35 21 400 
2 - 9  9 3 . 9  14.2 39 24 400 
2 - 1 0  9 9 . 2  13.4 47 19 394 
2-11 85.4 12.8 36 27 3 9 7  
2-12 8 3 . 0  1 2 . 2  58 36 400 
2-13 9 1 . 7  12.4 46 44 400 
2-14 9 9 . 1  12.6 3 9  3 8  380 
2-15 9 6 . 3  13.0 37 2 8  3 8 8  
2-16 9 5 . 6  12.2 47 17 364 
2-17 91.7 1 1 . 6  34 39 396 
2-18 89.0 12.2 32 2 8  400 
2-19 92.0 11.6 53 27 400 
2 - 2 0  8 9 . 0  11.6 47 22 400 
2-21 106.9 10.6 2 8  23 3 6 3  
2 - 2 2  103.1 13.8 51 24 3 6 8  
2-23 91.4 12.6 53 26 400 
2 - 2 4  88.5 11.4 36 40 400 
Table 22. Subsoil soil test values by replicates for various depths 
Depth n P k pH Depth n P k pH 
Site Rep in. pp2m pp2m pp2tn Site Rep in. pp2m pp2m pp2m 
1 I 0-6 48 25 366 5.90 3 I 0-6 78 19 289 5.50 
6-12 34 19 234 6.00 6-12 43 15 144 5.90 
12-18 18 16 148 6.05 12-18 28 13 82 6.20 
18-24 15 20 112 6.30 18-24 18 12 66 6.35 
24-36 9 26 73 6.40 24-36 11 12 55 — — 
II 0-6 46 31 404 5.80 II 0-6 73 15 283 5.50 
6-12 35 19 294 5.85 6-12 39 16 148 5.90 
12-18 18 16 186 6.00 12-18 19 14 71 6.20 
18-24 13 16 127 6.15 18-24 12 12 52 6.35 
24-36 10 33 68 6.20 24-36 9 13 46 — » 
2 I 0-6 66 39 378 5.70 4 I 0-6 69 17 301 6.80 
6-12 38 18 150 5.95 6-12 41 13 142 6.80 
12-18 22 14 110 6.25 12-18 22 11 85 6.35 
18-24 12 13 85 6.40 18-24 14 12 59 6.50 
24-36 10 15 66 6.70 24-36 9 13 53 6.80 
II 0-6 73 32 324 5.60 II 0-6 72 31 403 6.90 
6-12 43 17 146 6.00 6-12 43 19 284 — 
12-18 24 14 90 6.25 12-18 28 16 249 6.25 
18-24 14 14 68 6.45 18-24 16 15 235 6.55 
24-36 10 16 62 6.50 24-36 9 19 183 6.70 
Table 22 (Continued) 
Depth n p k pH Depth n p k pH 
Site Rep in. pp2m pp2m pp2m Site Rep in. pp2m pp2tn pp2m 
I 0-6 71 23 227 5.95 7 I 0-6 44 20 222 6.05 
6-12 ; 24 12 98 5.95 6-12 21 13 122 5.85 
12-18 ' 15 16 58 5.95 12-18 8 12 65 5.80 
18-24 9 29 47 6.00 18-24 5 24 54 5.95 
24-36 8 39 43 6.25 24-36 6 35 51 6.00 
II 0-6 42 25 168 5.90 II 0-6 45 24 203 6.00 
6-12 20 13 97 5.85 6-12 29 15 114 5.95 
12-18 10 15 61 5.90 12-18 13 12 73 5.80 
18-24 7 25 51 6.05 18-24 9 21 55 5.85 
24-36 5 45 47 6.10 24-36 9 44 52 6.05 
I 0-6 66 31 172 5.85 8 I 0-6 43 23 221 6.25 
6-12 29 17 93 5.80 6-12 30 20 129 5.80 
12-18 14 15 72 5.90 12-18 18 15 60 5.75 
18-24 10 12 52 6.00 18-24 10 17 44 5.80 
24-36 7 15 39 6.65 24-36 7 36 40 6.10 
II 0-6 48 24 ISO 5.90 II 0 — 6 54 35 212 6. 95 
6-12 2i6 16 87 5.95 6-12 28 20 111 6.05 
12-18 13 15 63 5.90 12-18 20 17 77 5.75 
18-24 11 15 62 5.95 18-24 18 17 60 5.95 
24-36 5 15 44 6.40 24-36 9 24 40 6.00 
Table 22 (Continued) 
Depth n p k pH Depth n p k pH 
Site Rep in. pp2m pp2m pp2ra Site Rep in. pp2m pp2m pp2tn 
I 0-6 40 37 205 5.95 11 I 0-6 59 25 263 6.30 
6-12 30 26 121 5.85 6-12 21 14 73 5.85 
12-18 25 18 84 5.85 12-18 16 13 72 6.00 
18-24 16 15 58 5.90 18-24 11 13 57 6.35 
24-36 10 21 52 6.25 24-36 8 12 53 6.60 
II 0-6 48 42 208 5.95 II 0-6 61 43 208 6.55 
6-12 39 30 157 5.75 6-12 25 19 104 6.05 
12-18 26 25 ' 91 5.75 12-18 21 17 95 6.00 
18-24 14 16 1 63 5.80 18-24 11 13 63 6.15 
24-36 11 23 49 5.90 24-36 11 20 46 6.25 
I 0-6 59 31 232 6.55 12 I 0-6 62 32 307 6.95 
6-12 29 16 92 6.10 6-12 35 16 137 6.10 
12-18 18 14 64 5.85 12-18 27 14 90 5.90 
18-24 13 14 51 5.90 18-24 16 13 75 5.80 
24-36 9 . 15 54 6.20 24-36 16 24 54 5.80 
II 0-6 67 49 285 6.60 II 0-6 80 21 239 6o 60 
6-12 34 22 96 6.25 6-12 38 16 126 5.85 
12-18 19 16 81 5.85 12-18 17 18 78 5.90 
18-24 16 14 53 5.95 18-24 11 13 79 5.75 
24-36 12 16 50 6.20 24-36 8 23 55 5.90 
Table 22 (Continued) 
Depth n P k pH Depth n P k pH 
Site Rep in. pp2m pp2m pp2m Site Rep in. pp2tn pp2tn pp2m 
13 I 0-6 41 19 106 6.45 15 I 0 — 6 33 17 255 6.05 
6-12 29 15 64 6.10 6-12 21 11 121 6.30 
12-18 10 13 45 5.80 12-18 16 12 90 6.45 
18-24 10 13 46 5.95 18-24 16 12 90 6.45 
24-36 8 21 41 6,40 24-36 13 14 77 7.50 
II 0-6 40 23 119 6.50 II 0-6 41 23 400 5. 95 
6-12 27 15 58 6.05 6-12 17 12 202 6.05 
12-18 9 12 40 5.85 12-18 17 13 122 6.25 
18-24 8 12 46 6.00 18-24 17 13 122 6.25 
24-36 8 17 41 6.25 24-36 14 23 92 6o 55 
14 I 0-6 61 16 325 6.60 16 I 0-6 79 35 186 6.40 
6-12 28 15 161 6.40 6-12 22 15 97 6.05 
12-18 16 13 104 6.35 12-18 13 17 41 5.70 
18-24 16 13 104 6.35 18-24 13 17 41 5.70 
24-36 11 17 69 6.55 24-36 7 47 37 5.75 
II 0-6 55 21 378 6.25 II 0-6 59 15 196 6.45 
6-12 24 14 152 6.20 6-12 24 13 77 6.05 
12-18 12 14 81 6.30 12-18 12 10 58 5.75 
18-24 12 14 81 6.30 18-24 10 10 58 5.75 
24-36 10 15 79 6.60 24-36 8 63 37 5.75 
Table 22 (Continued) 
Depth n p k pH Depth n p k pH 
Site Rep in„ pp2m pp2m pp2m Site Rep in. pp2m pp2m pp2m 
I 0-6 87 35 144 6.50 19 I 0-6 44 16 216 6.80 
6-12 22 15 73 6.00 6-12 24 11 113 6.30 
12-18 13 16 48 5.60 12-18 23 13 68 5.95 
18-24 13 16 48 5.60 18-24 23 13 68 5.95 
24-36 8 37 38 5.60 24-36 27 42 56 6.00 
II 0-6 82 16 130 6.55 II 0-6 60 34 211 6.85 
6-12 21 12 65 6.00 6-12 25 15 138 6.30 
12-18 8 10 40 5.55 12-18 29 12 111 6.05 
18-24 8 10 40 5.55 18-24 29 12 111 6.05 
24-36 15 32 36 5.50 24-36 16 34 128 5.95 
I 0-6 58 50 273 7.10 20 I 0-6 25 20 157 6.45 
6-12 31 33 145 6.70 6-12 24 13 107 6.35 
12-18 23 39 123 6.45 12-18 18 10 86 6.10 
18-24 23 39 123 6.45 18-24 18 10 86 6.10 
24-36 25 47 114 6.45 24-36 21 9 83 5.90 
II 0-6 42 21 242 6.95 II 0-6 40 29 153 6.60 
6-12 24 14 116 6.60 6-12 20 18 109 6.60 
12-18 23 12 92 6.30 12-18 19 11 92 6.05 
18-24 23 12 92 6.30 18-24 19 11 92 6.05 
24-36 28 9 77 6.30 24-36 13 9 102 5.90 
Table 22 (Continued) 
Depth n p k pH Depth n p k pH 
Site Rep in. pp2rti pp2tn pp2m Site Rep in. pp2m pp2tn pp2m 
I  0 - 6  42 14 134 6.20 2 2  I 0-6 30 22 324 5 . 8 5  
6-12 2 3  10 102 6.10 6-12 16 11 182 6.00 
12-18 10 10 72 5.90 12-18 14 9 110 6.30 
18-24 10 10 72 5.90 18-24 14 9 110 6.30 
24-36 11 11 70 5.95 24-36 12 12 95 6.35 
II 0-6 22 14 100 6 . 2 0  II 0-6 31 2 8  349 5.80 
6-12 17 10 70 6.10 6-12 27 10 197 6.05 
12-18 19 10 72 5.85 12-18 15 8 109 6.30 
18-24 19 10 72 5.85 18-24 15 8 1 0 9  6 . 3 0  
24-36 10 7 72 5.95 24-36 13 13 101 6 . 3 0  
Table 23. Soil moisture characteristics for all experimental sites 
Availo moisture 
Site 
Depth 
ft. 
% moisture 
at F.C.a 
% moisture 
at W.P.D 
% moisture 
at planting rt 
O 
at planting 
in/ft. 
1 0-1 35.7 13.9 28.5 3.4 2.28 
1-2 35.6 17.7 26.9 2.8 1.44 
2-3 34.9 19.9 24. 5 2.4 0.70 
3-4 34.5 16.9 23.1 2.8 0.97 
4-5 34.1 14.8 24.6 3.0 1.52 
2 0-1 37.6 18.0 29.8 3.0 1.85 
1-2 37.9 20.4 28.3 2.7 1.23 
2-3 35.7 18.2 26.9 2.7 1.36 
3-4 32.0 16.1 25.8 2.5 1.52 
4-5 28.0 13.1 27.0 2.5 2.16 
3 0-1 37.2 17.5 27.8 3.1 1.61 
1-2 36.2 18.0 25.8 2.8 1.21 
2-3 32.5 15,7 21.9 2.7 0.96 
3-4 30.3 14.3 14.6 2.5 0.05 
4-5 27.1 11.9 2.4 0.00 
4 0-1 38.8 19.6 29.6 3.0 1.57 
1-2 38.9 19.7 27.2 3.0 1.17 
2-3 34.6 17.3 25.1 2.7 1.22 
3-4 35.1 17.5 21.4 2.9 0.60 
4-5 27.0 11. 5 16o3 2.4 0.74 
F^.G. refers to field capacity. 
Hj.P. refers to wilting point. 
"^ WHG refers to water holding capacity. 
Table 23 (Continued) 
Avail, moisture 
Depth % moisture % moisture % moisture WHGc at planting 
Site ft o at F.G.a at W.P.b at planting in/ft. in/ft. 
5 0-1 36.5 15.5 2 8 . 2  3.3 1 . 9 8  
1-2 3 2 . 3  15.8 27.5 2 . 6  1.83 
2-3 32.4 14.9 27.8 2.7 2.01 
3-4 34.0 15.6 2 9 . 9  2 . 9  2.23 
4-5 34.2 15.5 30.6 2 . 7  2 . 3 6  
6 0-1 34. 5 16.5 30.6 2 . 8  2 . 2 0  
1-2 35.8 17.9 2 9 . 6  2 . 8  1 . 8 2  
2-3 36.5 17.8 2 9 . 0  2 . 9  1.76 
3 - 4  35.4 19.5 29.5 2 . 5  1.55 
4-5 33.5 14.7 3 2 . 1  2 . 9  2 . 7 2  
7 0-1 32.3 13.4 15.2 2 . 7  0 . 2 8  
1-2 33.3 15.2 1 5 . 9  2 . 6  0.11 
2-3 3 4 . 0  15.6 1 6 . 0  2 . 7  0.05 
3 - 4  35.1 13.6 17.6 3 . 0  0 . 6 2  
4-5 35.1 12.1 18.9 2 . 8  1.06 
8 0-1 37.6 13.4 17.4 3.4 0.61 
1-2 35.1 15.2 16.3 3 . 0  0 . 1 6  
2-3 35.0 15.6 14.1 2 . 8  0.00 
3-4 34.9 13.6 15.6 2 . 9  0 . 3 1  
4-5 33.0 12.0 15.5 2.5 0.54 
9 0-1 35.1 15.4 2 8 . 5  3.1 2.05 
1 - 2  34.6 1 6 . 6  2 8 . 6  2 . 9  1 . 8 6  
2-3 37.4 19.7 2 9 . 1  2.7 1.47 
3-4 3 6 . 9  20.7 2 8 . 6  2 . 5  1.24 
4-5 36.2 2 1 . 3  28.0 2.3 1.05 
Table 23 (Continued) 
Avail, moisture 
Depth % moisture % moisture % moisture WHCC at planting 
Site ft. at F.G.^  at W.P.b at planting in/fto in/ft. 
10 0-1 34.7 14.9 27.7 3.1 1.99 
1-2 34.2 16.8 27.3 2.7 1.63 
2-3 40.1 1 9 . 8  29.6 3.1 1.53 
3-4 38.7 2 0 . 9  27.9 2 . 8  1.09 
4-5 35.5 21.9 29.6 2.1 1.20 
11 0-1 3 6 . 1  14.6 2 6 . 3  3 . 3  1.82 
1-2 3 6 . 9  1 6 . 3  2 6 . 2  3 . 2  1.54 
2-3 3 9 . 4  19.6 2 7 . 8  3.1 1 . 2 8  
3-4 36.4 18.6 26.6 2 . 9  1.25 
4-5 3 3 . 9  18.8 27.7 2 . 4  1 . 3 9  
12 0-1 34.5 15.4 30.8 2.9 2.40 
1-2 34.3 15.8 28.4 2 . 8  1.96 
2-3 35.6 18.3 27.6 2.7 1.46 
3-4 37.2 1 9 . 3  2 8 . 2  2.7 1.39 
4-5 36.7 18.6 2 8 . 0  2.8 1.44 
13 0-1 33.9 14.7 24.3 3.0 1.49 
1-2 37.8 1 8 . 9  31.1 3.0 1.91 
2-3 43.0 2 1 . 3  31.3 2 . 9  1.47 
3-4 4 0 . 0  19.3 2 7 . 8  3.2 1.32 
4-5 37.7 19.3 25.3 2 . 9  0.93 
14 0-1 40.5 17.4 3 1 . 2  3.4 2.15 
1-2 38.8 17.8 2 7 . 6  3.1 1.53 
2-3 3 6 . 4  17.1 25.2 3.6 1.26 
3-4 3 4 . 4  14.1 24.3 3 . 2  1.59 
4-5 3 3 . 6  14.6 24.4 2 . 9  1 . 5 3  
Table 23 (Continued) 
Site 
Depth 
ft. 
% moisture 
at F.C.a 
% moisture 
at W.P.D 
% moisture 
at planting 
WHCC 
in/ft. 
Avail, moisture 
at planting 
in/ft. 
15 0-1 37.4 16.5 2 7 . 4  3.1 1.70 
1-2 36.4 16.6 25.5 3 . 0  1.39 
2-3 31.8 13.7 22.4 2 . 8  1 . 3 6  
3-4 2 6 . 3  1 0 . 7  17.3 2.4 1.05 
4-5 27.0 1 0 . 7  15.6 2 . 5  0 . 7 6  
16 0-1 32.1 13.4 2 7 . 0  2.7 2.12 
1-2 32.5 12.5 2 5 . 7  3.0 2 . 0 6  
2-3 33.1 1 3 . 6  2 5 . 8  3.0 1.90 
3-4 32.4 12.0 25.5 3.2 2.11 
4-5 32.6 11.7 23.9 3.2 1 . 9 0  
17 0-1 33.5 13.0 2 8 . 4  3.0 2.40 
1-2 3 2 . 3  1 3 . 0  2 6 . 8  2 . 9  2.15 
2-3 31.1 13.7 2 6 . 2  2.7 1.95 
3-4 3 2 . 1  12.7 2 7 . 3  3 . 0  2 . 2 8  
4-5 3 2 . 2  13.2 2 8 . 2  2 . 9  2.34 
18 0-1 4 0 . 5  21.8 33.3 2.7 1 . 7 9  
1-2 4 0 . 0  1 9 . 8  2 9 . 8  3 . 0  1. 56 
2-3 3 9 . 6  21.7 3 1 . 9  2 . 8  1.59 
3-4 34.1 1 7 . 7  3 3 . 9  2.6 2.53 
4-5 3 2 . 8  15.3 35.1 2.7 2 . 7 3  
19 0-1 37.4 14.8 2 6 . 8  3 . 3  1.87 
1-2 34.9 16.6 2 5 . 2  2.7 1.34 
2-3 34.5 1 6 . 2  27.4 2 . 8  1 . 7 5  
3-4 35.7 15.2 1 6 . 5  3 . 2  1 . 7 6  
4-5 3 3 . 6  14.8 2 6 . 0  2 . 9  1.75 
Table 23 (Continued) 
Availo moisture 
Depth % moisture % moisture % moisture WHC^  at planting 
Site ft„ at F.C.^  at W.P.° at planting in/ft. in/ft. 
0 - 1  34.8 13.8 2 7 . 3  3.1 2.11 
1-2 36.6 17.1 28.1 2 . 9  1.72 
2-3 40,3 20.6 31.4 3.0 1.68 
3-4 38.4 19.8 30.3 2.9 1.64 
4-5 34.5 18.2 31.3 2. 5 2 . 0 4  
0-1 3 4 . 6  15.5 2 6 . 9  2 . 8  1.78 
1-2 36.5 18.2 28.3 2.7 1.58 
2-3 41.1 25.3 3 2 . 0  2 . 4  1.05 
3-4 39.9 2 5 . 3  31.4 2 . 3  0 . 9 5  
4-5 3 3 . 7  19.8 2 8 . 2  2.1 1 . 3 1  
0-1 3 2 . 6  15.8 2 6 . 8  2.5 1.72 
1-2 3 3 . 6  16.5 27.6 2.5 1.73 
2-3 33.8 18.1 2 6 . 8  2 . 4  1.36 
3-4 32.4 16.1 2 5 . 2  2 . 6  1.42 
4-5 34.1 15.7 20.3 2 . 8  0 . 7 2  
